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• 1.0 INTRODUCTION 

1.1 Legislative Requirement 

Section 3019 of the 1984 Hazardous and Solid Waste Amendments to 
the Resource Conservation and Recovery Act (RCRA) mandated that 
all facilities submitting Part "B" of a RCRA Application must 
also provide information on the potential for public exposure to 
hazardous waste arising from the subsequent permitting of the 
facility. 

' On July 3, 1985 the Environmental Protection Agency (EPA) 
finalized the "Permit Applicants' Guidance Manual for Exposure 
Information Requirements under RCRA Section 3019". Utilizing 
this document B.H.S., Inc. provides the following information as 
required under Section 3019. 

1.2 History of Facility 

To fully explain potential exposures at B. H. S., Inc. a brief 
history of the Wright City Facility and controlling State and 
Federal regulations must be presented. 

In 1971 Mr. James Zykan Sr. opened a sanitary landfill located 
approximately in the center of a 158 Acre farm. The farm is 
situated three miles southwest of Wright City, Missouri. The 
sanitary landfill comprising 7+ acres was operated under a county 
permit and a Missouri Division of Health permit until permit 
number 121901 was issued by the newly organized Missouri 
Department of Natural Resources (MDNR) in 1976. In 1977 the 
sanitary landfill was closed. The 158 acre farm was permitted as 
a "Special Industrial Facility" (Permit #721901) with 12 acres 
due North of the old sanitary landfill designated for 
landfilling. In September 1980 B.H.S., Inc. timely submitted 
Part "A" of a RCRA Application (IDD068521228). In December 1982 
the State of Missouri issued a Treatment, Storage and Disposal 
permit (TSD122282-001) to B.H.S., Inc. to cover the remaining 
life of the original 12 acre landfill area. In August of 1983 
B.H.S., Inc. submitted Part "B" of a RCRA application with a 
subsequent revision submitted in April 1984. At present, B.H.S., 
Inc. is still waiting comments from the EPA covering the 1984 
submittal. 
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1.3 Permit Conditions 

The 1977 and 1982 permits from MDNR had special conditions 
attached which directly impacted the operations at B.H.S., Inc. 
Each individual waste stream from individual generators had to be 
separately permitted through MDNR prior to disposal at B.H.S., 
Inc. This provided a good check and balance system that in the 
long run has been beneficial to B.H.S., Inc. Through this 
control B.H.S., Inc. has not been allowed to dispose of bulk 
liquids, high concentrations of organic sol vents, large volumes 
of ignitable or reactive wastes nor highly volatile wastes. This 
restriction was promulgated as a regulation in Missouri 1 s 1980 
Hazardous Waste Regulations. B.H.S., Inc. has operated under 
these restrictions since 1977. The following may not be disposed 
of at B.H.S., inc: 

A. Ignitable or reactive waste: 

B. Volatile waste: 

C. Liquid wastes: nor 

D. Sludges that contain liquids which drain freely fromn the e 
sludge by gravity, are free flowing sludges, or contain more 
than five percent (5%) Organic liquid by weight. 

The EPA has been mandated to place further restrictions on the 
landfilling of hazardous waste. It is expected that these 
regulations should be in place by 1990. 

The 1977 permit required monitoring of the 12 acre landfill area. 
This consisted of 16 shallow (approximately 40 foot deep) wells, 
three deep wells and one creek monitoring lacation. These 
locations were monitored quarterly until January 1984 when they 
were replaced by one upgradient and four down gradient deep 
(approximately 100 feet) wells, two interceptor trenches (35 feet 
deep) and two upgradient and three down gradient creek monitoring 
locations. 

1.4 Legislative Restrictions 

Missouri 1 s 1980 regulations required the usage of a 200 foot 
buffer zone which was expanded to 300 feet in October 1980 by 
legislation. MDNR inspected the facility on a monthly basis 
until 1981 when legislation required the interval to be decreased 
to weekly. 
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1.5 Wastes Handled 

B.H.S., Inc. disposes of non-hazardous State controlled hazardous 
and Federally controlled hazardous industrial wastes. These 
wastes can be categorized as follows: 

A. Waste Water Treatment Sludges (less than 1% hazardous 
constituent) 

B. Paint Waste 

(a) Trash contaminated with paint 
(b) Paint sludges <<5% hazardous constituent) 

C. Pesticide Wastes (<10% hazardous constituent) 

(a) Waste water treatment sludges 
(b) Product production biproducts 
(c) Dust collector dusts 
(d) Trash contaminated with pesticides 

D. Clean-ups <<5% hazardous constituent) 

<a) Soil 
(b) Equipment 
(c) Lagoons 

E. Non hazardous waste 

The category listed as clean-up comprises most of the waste 
disposed of, on a volume basis, at B.H.S., Inc. This category is 
comprised of one time only large volume ( 500-5000 cu. yds.) 
permits. It is estimated that this category comprises from 33 to 
50 per cent of the waste handled at B.H.S., Inc. 

The remaining four categories evenly comprise the unallocated 
monthly to yearly waste capacity disposed of at this facility. 

Ninety percent of the waste is disposed of in bulk form. 
Containerization of the waste (ie. drums, bulk bags) is strictly 
viewed by B.H.S., Inc. as a materials handling and transportation 
requirement. After the waste is placed in the landfill the 
natural and synthetic liner system must provide the needed 
protection. 
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2.0 Pathway Information 

2.1 General Information 

Appendices A, c, D, E provide copies of all health profiles, risk 
assessments and protential pathway assessments prepared for the 
B.H.S., Inc. facility. All reports conclude that B.H.S., Inc. 
poses a low risk to human health and the environment. There have 
been no insurance claims or settlements for transportation or 
site liability. 

The cover insert contains a map labeled as Warren County Master 
Plan map. The land use area within three miles of the facility 
has been transposed onto figure 1. 

An aerial photo of the facility is provided in the cover insert. 

Appendix P of the Operations Manual submitted April, 1984 
comprising a section of the Part "B" application gives specific 
information on federally regulated hazardous waste disposed of at 
this facility. Appendix F of this report provides a chemical A 
analysis of leachate generated since 1980 at this facility. ~ 

Appendix G gives information on the 10 largest generators 
utilizing the B.H.S., Inc. facility. 

In 1981 there were 4,080 cu. yds. of federally regulated 
hazardous waste disposed of at this facility. In 1982 this 
volume expanded to 11,136 cu. yds. In 1983 the economy was in 
the throes of a recession and the federally regulated volume fell 
to 6,033 cu. yds. In 1984 a large volume of clean-ups raised the 
regulated total to 23,309 cu. yards. B.H.S., Inc. utilized no 
pretreatment other than chemical stabilization of small amounts 
of free liquids found in drummed material. 

The E. P .A. inspected the facility in early 1981, late 1982 and 
late 1984. MDNR inspects the facility on a weekly basis. 
Inspection reports are kept by B.H.S., Inc. and MDNR. Division 
of Health has just completed an inspection and report on this 
facility. At this time copies of the report were not available. 

2.2 Management Practices 

In July of 1980 B. H. S., Inc. started the practice of providing 
yearly physicals for all of its employees. Results of each 
employee past and present physicals are maintained in the company A 
files. To date there has been no accident or illness ~ 
attributable to the handling of hazardous waste. 

Although no hazardous waste related cases have been noted at 
B.H.S., Inc. there have been work related Workmen's compensation 
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claims filed. One of the drivers while descending from the cab 
of his truck twisted a knee which required surgery. Another 
driver while ascending his vehicle slipped and sprained his back. 
A site operator while helping the mechanic replace a truck leaf 
spring sprained his back when the jack slipped. 

The absence of hazardous waste related incidents can be 
attributed to the awareness and respect for waste that is 
instilled into the workers by an effective training and 
retraining program. 

Ground Water 

Existing ground water withdrawal wells located within a 
three-mile radius of the facility are plotted on Figure 1. A 
total of 80 wells have been identified. Also shown on Figure 1 
are the locations of Wells 8, 16, 26, 27, 28, 31, 42 and 46, the 
licensed drinking water wells that have been identified. 

The primary aquifers utilized in the region are comprised of the 
limestones, dolomites and sandstones of the Ordovician System. 
Units which are know to yield potable water include the Plattin, 
Joachim, St. Peter, Roubidoux and Gasconade Formations. These 
units are typically located from 300 to 1000 feet below ground 
surface. 

Limited information is available concerning the depths and usage 
of water supply wells within three miles of the facility. Two of 
the closest wells (located within 1/4 mile of the site) are 
reported to be approximately 380 and 400 feet deep and cased in 
approximately the upper 200 and 220 feet, respectively. It is 
anticipated that other water supply wells would be installed 
using a similar design, which is typical of wells that utilize 
the bedrock aquifers in the area. 

Based on available information, it appears unlikely that any 
wells utilize the perched water zone as a water supply source. 

Typical usages of ground water from bedrock aquifers are for 
domestic purposes (including individual residence drinking water 
supply), livestock watering, and irrigation. It is anticipated 
that ground water from bedrock aquifers may be used for crop 
irrigation. The extent of usage is not known at this time. 
There are no known commercial food preparation industries or 
high-volume pumping wells located within the three-mile radius. 

Regional studies of ground water discharge and recharge areas are 
not available. Based on review of available site ground water 
monitoring data, Woodward-Clyde (WCC) presented an evalauation of 
the local ground water systems (Appendix B). Included in the WCC 
report were assessments of ground water recharge and discharge 
which are summarized below. 
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The bedrock aquifer is recharged in an area south of the site 
possibly from the channel of an intermittent stream that flows 
from northeast to southwest. Local vertical recharge is 
apparently limited by a low permeability layer of glacial 
deposits that overlie bedrock. 

The perched groundwater table (above the low-permeability 
deposits) is probably recharged by infiltration from the surface 
(during precipitation) and from the farm ponds located west of 
the landfill. This ground water discharges to the stream at 
seeps on the valley sides. 

The net precipitation value for the area is approximately 7. 3 
inches. This value was derived by subtracting the average annual 
evapotranspiration (about 30 inches) from the mean annual 
rainfall amount (about 37.3 inches). The references used to 
obtain these data are: 1) "Soil Survey of Montgomery and Warren 
Counties," USDA Soil Conservation Service, 19781 and 2) "Water 
Atlas of the United States," Water Information Center, Inc. 
1973. 

The 7. 3-inch net precipitation value has not been adjusted to e 
account for the net runoff, which must be subtracted to yield the 
net infiltration (percolation) which can be expected. Appendix L 
to the "Engineering Design Manual", Part "B" Permit contained in 
the August 3, 1983 application submittal an evaluation of the 
water balance at the site. According to this evaluation there is 
no net percolation of surface water into the subsurface (e. g., 
the net percolation value is 0.0). 

2.4 Surface Water 

The locations of surface water bodies within a three-mile radius 
of the facility are shown on Figure 1. There are no known 
drinking water, industrial or commercial intakes within the 
specified area. The primary use of surface water in the area is 
expected to be for livestock watering. A recreational lake, 
located about one-half mile southwest of the site, receives 
surface water discharge from the intermittent stream that drains 
the southern part of the site. No other surface water bodies are 
known to receive surface runoff from the site. 

The intermittent stream previously described is the only stream 
on, or within 1000 feet of the site which contains appreciable 
flow. However, the flow is not readily measurable except during 
periods of high surface runoff ( ie., storms). No flow velocity 
measurements are available. 

Three surface impoundments are used to manage surface water 
runoff at the site. The water is not discharged to the stream, 
but is used for irrigation during summer months and then only if 
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analyses of the water indicate that any contaminants present are 
below NPDWR Standards. 

The intermittent stream does receive occasional discharge pumped 
from the shallow ground water interceptor trenches if the ground 
water is shown to contain no contaminants at levels in excess of 
NPDWR. 

Water quality sampling is performed at locations upstream and 
downstream of the facility. Available data indicate that surface 
water quality has not been adversely affected by the facility. 
Available analytical data for samples obtained from the stream in 
1984 are summarized in Appendix B. 

2.5 Air 

The principal wind direction in summer is 
South-Southwest and in winter is from the Northwest. 

from the 

Missouri hazardous waste regulations prohibit the disposal of 
wastes with a true vapor pressure greater than 75 MM of pressure 
at 25 degrees Centigrade. All waste streams must first be 
permitted through MDNR and wastes are inspected for atypical 
odors. In conjunction with these restrictions wastes posing an 
air-borne hazard are required to be containerized. B.H.S., Inc. 
is also required to cover all waste which might constitute an air 
borne hazard with a minimum of one foot of cover om a daily 
basis. B.H.S., Inc. has no air monitoring system around the 
unit. 

B.H.S., Inc. has experienced odor complaints in the past. On one 
occasion soil contaminated with less then 5% orthochlorphenol 
(Sturgeon Missouri Spill 1981) was disposed of at this facility. 
Due to the extremely low odor threshold for that chemical, 
complaints were received while the waste was handled. Once the 
cleanup was completed, this problem was alleviated. 

Another instance for an odor complaint is when freshly pumped 
leachate is pumped to the surface impoundment. Fresh leachate is 
in an anaerobic state which lends to the generation of a septic 
odor. During the time period it takes for the aeration system to 
convert the leachate to an aerobic state an odor may be present. 
The extent of the odor is normally limited to the immediate area 
surrounding the lagoon. Inspection by MDNR immediate to or the 
day after an odor complaint has never resulted in a violation of 
Missouri's air regulations. 

Wright City lies three miles to the Northeast of the facility. 
Its • population totals approximately 1900 people. Due to the 
remaining area being rural or weekend only residents, the 
estimated permanent population within four miles of the facility 
is three thousand. 
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2.6 Soil 

In 1980 soil samples were taken from three locations across the 
facility. One sample was taken from the field on the West Side 
of the 158 acres farm. A second sample came from the middle of 
the old sanitary landfill. The third sample was taken from the 
field bordering on the East property line. A test for Arsenic 
was performed on all three samples. 

Ug As/g 

East field 13.8 
Old landfill 28.7 
West field 

South of Barn 37.5 

All samples indicated arsenic present at the same level of 
magnitude. Publications indicate that arsenic is a naturally 
occuring element in the earths crust at this level of magnitude. 

Any other tests that have been performed are directly related to tt 
the hydrogeological soil testing. Results of these tests are 
found in the Engineering Section of the Part "B" application. 

2.7 Transportation 

There are three directions from which waste can be transported to 
B.H.S., Inc. Waste coming from West of the facility would travel 
on Interstate 70 to the Wright City Exit then proceed west on the 
South Outer road for approximately 500 feet to county road H. H 
is then taken South for apporoximately three miles to county road 
M. M is then taken East for approximately three quarters of a 
mile to Muenz Road. Muenz Road is followed South for 3/4 of a 
mile to the facility gate. 

Waste coming from the East would take Interstate 70 to the Wright 
City exit. Then West on the North outer road to the West 
overpass. Once the truck crosses over I70 to the South Outer 
road it proceeds along the aforementioned route. 

Waste coming from the Southwest would exit off of Interstate 44 
at the Missouri Highway 4 7 north exit. Highway 4 7 would be 
followed north until county road 0 was encountered. The truck 
would proceed north on 0 until it junctions with county road M. 
M would be followed North then West to Muenz Road. The driver A 
would then turn South on Muenz to the facility. ,_, 

Trucks that enter the facility stop at the office and present 
their manifest. Once the manifest is approved the truck proceeds 
to the laboratory where the waste is inspected. Containerized 
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waste would be stored in the storage warehouse for future 
disposal. Bulk waste would be taken to the trench area for 
offloading. 

Once the truck is offloaded the truck would proceed to the truck 
wash area for cleaning if the need arises. 

In addition to the routine training for all employees the B.H.S., 
Inc. drivers are trained for emergency in route spill response 
procedures, see Appendix E. 

In addition to the manifest B.H.S., Inc. drivers carry waste 
specific information including copies of MDNR applications, waste 
analysis and safety data sheets. Drivers are responsible for 
inspection of roll-off boxes and dump trailers both at the time 
they are delivered to the generator and when the boxes are picked 
up. This guarantees that damages which might result in over the 
road waste loss are removed. 

B.H.S., Inc. staffs on-site mechanics for routine maintenance and 
repairs. 

B.H.S., Inc. drivers are also required to inspect generator 
supplied containers for road worthy condition. 

Another driver function is to inspect the waste at the generators 
facility to catch obvious discrepancies (ie. free liquids, 
solvents or other non conforming characteristics). B.H.S., Inc. 
drivers have the authority to deny acceptance of a generators 
waste if in their opinion the waste does not meet the basic 
description as permitted. 

Part of the B.H.S., Inc. on-site spill response includes the 
emergency clean-up of materials deposited on the off site access 
roads. The B.H.S., Inc. daily inspection routine is for spills 
on the site access roads, staging and storage areas. Employees 
are required to notify the office upon observing any spill 
materials outside of the active trench berm area. 

2.8 Subsurface Gas 

Although prior to 1977 B.H.S., Inc. did operate a sanitary 
landfill on part of the 158 acre facility, that area has remained 
separate from the hazardous waste operations. At no time after 
the 1977 issuance of the Special Industrial Waste Permit has 
sanitary waste been disposed of on site. The material disposed 
of on site which would closest resemble sanitary waste would be 
the Times Beach Flood debris. This material had a higher 
concentration of furniture and solid material than normal trash. 
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The amount of organic residue contained in a waste varies but 
does seem to have general characteristics for specific types of 
waste. 

Water Organic Solids Inorganic Solids 

WWTS 50-75% 5-20% 5-45% 

Paint 
sludge 25-35% 25-35% 30-50% 

Pesticide 
sludge 50-25% 10-35% 40-85% 

Paint/ 
Pesticide 
Trash 0-20% 10-50% 50-90% 

Contaminated 
Dirt 5-20% 5-10% 70-90% 

From this estimate the total amount of organic material present 
for subsequent decomposition into methane gas is low compared to 
what is found in sanitary waste. 

It should also be noted that the leachate collection system that 
surrounds the waste will act as a venting system which would 
relieve pressure buildup. 

2.9 Known Release Information 

There have been no known releases from the B.H.S., inc. facility 
other than that describe in the report submitted under the 
Continuing Release provision of Section 3004 <u>. In that report 
the leachate outbreak eminating from the old sanitary landfill 
was described along with the corrective action employed. 

In Nov. 1982 during the clean-up of a coal-tar pit in Alton 
Illinois an outside transporter experienced trouble with his 
tailgate latch. Solid chunks of coal tar sludge were dropped on 
the transportation route from approximately the Missouri river 
bridge in St. Charles to the office of B.H.S.,inc. The spillage 
was noticed shortly after the drivers arrival by B.H.S., inc. 
personnel. The party in charge of the clean-up was notified 
along with the transporters dispatcher. Those two organizations 
dispatched a clean-up crew who removed waste from the bridge to 
the Interstate 70 exit at Foristell. MDNR was notified of the 
nature of the spill and the extent. An emergency response crew 
comprised ·of B.H.S., inc personnel was dispatched from this 
office and worked its way back along the route until it met the 
other crew at the Foristell exit. The spillage was first noticed 
at 8:00 am and clean-up was completed at 12:00 noon the same day. 
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MDNR inspected the spill route the following day to confirm that 
the spill was cleaned properly. 
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3.0 Exposure Potential of the Unit 

3.1 Potential for Human Exposure Via the Ground Water Pathway 

The primary potential pathway for human exposure to potentially 
contaminated ground water would be through domestic or 
agricultural use. As discussed previously, it is expected that 
any such usage would involve the deep bedrock aquifers. It is 
anticipated that the section of glaciofluvial deposits which 
overlie bedrock will effectively inhibit vertical migration of 
contaminants to the bedrock aquifers. 

The landfill design incorporates a leachate collection system 
consisting of a blanket drain, collection trench and sump which 
is expected to intercept potentially contaminated leachate that 
may be generated. Details of the design are described in Chapter 
4 of the "Engineering Design Manual," presented in the Part "B" 
Permit Application. 

Monitoring of groundwater quality in interceptor trenches and 
monitoring wells has shown that no releases of contaminants to 
the ground water have occurred to date. 

Based on this information, the potential for the facility to 
contribute to human exposure of food chain contamination through 
the ground water and the likely magnitude of such affects are 
expected to be low. 

3. 2 Potential For Human Exposure To· Surface Water 

Surface water runoff at the site is managed by the use of 
diversion structures and collection impoundments. The details of 
the runoff management system are described in Chapter 4 of the 
"Engineering Design Manual" presented in the Part "B" Permit 
Application and summarized below. 

Surface water which falls outside the landfill trench is diverted 
around the excavation. Precipitation falling within the landfill 
trench is handled either as leachate, as potentially contaminated 
runoff, or as uncontaminated runoff. Details of leachate 
treatment are described in Chapter 3 of the "Engineering Design 
Manual." Potentially contaminated runoff is segregated by 
placement of temporary berms, then pumped into SI 1, and sampled 
and analyzed. If determined to be non-hazardous, the water is 
pumped to impoundment SI3. If hazardous constituents are 
present, the water is treated as described in Chapter 3 of the 
"Engineering Design Manual." Uncontaminated runoff is pumped 
directly to SI3. No runoff is discharged directly to the 
intermittent stream. 

The surface water management system is designated to control the 
24-hour, 25-year storm. 
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The presence of the recreational lake (Lake Lucero) downstream 
from the site presents a possible exposure pathway should 
contaminated runoff discharge to the intermittent stream which 
passes through the site and subsequently enters the lake. 
However, the potential for human exposure or food-chain 
contamination are expected to be low because of the existence of 
the surface water management system. Monitoring of the surface 
water in the stream has indicated that to-date no deterioration 
of surface water quality has occurred downstream of the facility. 

3.3 Potential For Human Exposure From Subsurface Gas Releases. 

As described previously B.H.S., inc does not co-dispose of 
sanitary trash with the hazardous waste. This plus the fact that 
the nature of the material disposed of lends itself to a low 
concentration of organic matter the potential to produce 
significant quantities of su~surface gases is minimal. 

If gases should accumulate the leachate collection system which 
surrounds the cell would act as a conduit for gaseous escape 
before significant pressures of gas could develop. 

The double synthetic membrane tied into the final cap would 
preclude subsurface gases from migrating along underground 
passageways (e.g. water and sewer lines). 

The number of households withing a quarter of a mile of the 
facility is less than ten with the majority of those on the 
outskirts of the quarter mile limit. Missouri law requires a 300 
foot buffer zone to surround the disposal portion of the 
facility. This would allow dispersion of any subsurface gases 
that would be emitted from the leachate collection system. 

Because of the aforementioned factors I would estimate the 
potential for human exposure from subsurface gas releases to be 
low. 

3.4 Potential For Human Exposure Via The Air Pathway 

The total number of households within a half-mile of the disposal 
facility is less than twenty with the majority of these lying to 
the North of the facility. The principle wind direction in the 
summer is from the South Southwest toward the North northwest. 
In the Winter the principle wind direction is from the Northwest 
toward the Southwest. Therefore the wind direction is normally 
not in a direct path to the limited permanently occupied 
dwellings. 

B.H. S., inc is located near the top of a ridge separating two 
water sheds. The presence of an extended lowlying area 
affording a conduit for gas migration is limited. This area is 



Page 14 August 8, 1985 

not known for extended periods of air inversions but lends itself 
to rapid dispersion. This can be exemplified by only a limited 
number of odor complaints with no subsequent violation of the 
Clean Air Laws. 

Missouri law and regulations restrict the nature of the waste 
that can be accepted for landfilling. Those waste with a high 
potential for rapid air hazards (e.g. volatile or ignitable 
organic liquids or reactive wastes) are not allowed to be 
landfilled. Each waste stream must be individually permitted 
through MDNR. Special permit conditions require that wastes 
associated with airborne hazards (e.g. asbestos) must be covered 
the same day as disposal. Any wastes which exhibit an airborne 
hazard must be containerized in D.O.T. approved packaging. 

The visual and chemical inspection performed prior to a wastes 
acceptance will limit the potential for acceptance of 
nonconforming wastes. The training and safety data sheets will 
allow for the proper handling of this particular type of waste by 
site personnel. Incompatible wastes are identified along with 
segregation techniques to be employed. 

As described above the possibility of subsurface gas buildup is 
extremely remote. 

Testing of raw leachate indicates that there is only trace levels 
of organics present in the leachate. The location of the 
leachate holding lagoon is approximately 800 feet from the 
facility boundary. This is the only material that is bulk 
evaporated at this facility. 

The potential for human exposure due to an air pathway is low. 

3.5 Potential for Human Exposure From Release by Transportation 

B.H.S., inc maintains its transportation equipment on site. 
Drivers are trained and responsible for inspecting their 
equipment to guarantee roadworthyness. The drivers duty at the 
generators is to perform the initial inspection of the waste and 
to examine the containers for potential leaks. 

Drivers are fully knowledgable of emergency spill proceedures and 
have immediate access to emergency response numbers and carry 
waste identification literature in excess of that required by 
RCRA. 

By thoroughly training its drivers and endeavoring to instill a 
sense of responsibilty into its personnel, B.H.S., inc. has 
achieved a fine road record to date. 

The routes of transportation into the facility are designed to 
reduce the potential for exposure to transported waste. B.H.S., 
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inc. makes it a practice to limit the transportation of waste to 
this facility during extreme weather conditions. It is common 
practice to call generators and reschedule pickup dates due to 
inclement weather. B.H.S., inc maintains Muenz road by removing 
snow in the winter and provided the funds for its paving. 

Again the low degree of toxicity of the waste landfilled at this 
facility and the required packaging lowers the potential for 
human exposure. 

As described in the Potential Release information in chapter 2 
B.H.S., inc. has a reliable emergency spill response program that 
is utilized even if B.H.S., inc. vehicles are not involved. 

There is also decontamination equipment and a truck wash facility 
onsite for the cleaning of trucks which may have waste on the 
vehicle. 

The potential for human exposure due to transportation into and 
out of the facility is low. 

3.6 Potential for Human Exposure From Releases to Soil 

The potential for soil contamination due to air, surface water 
and transportation have been described above. 

B.H.S., inc. limits the exposure of its earth moving equipment to 
contact with waste. Those units which operate in the active 
trench area are thoroughly cleaned by site personnel prior to 
their leaving the active area. 

Site personnel are trained to be conscientious of their hygienic 
exposure to the waste. 

This facility has good site security eliminating the unknown 
entry of offsi te personnel or livestock. Public access is not 
only limited by a chain link fence surrounding the disposal area 
but a gate, which is controlled at the office, prohibits unknown 
road traffic from entering the property. 

Food crops are grown on and adjacent to the property but again 
with an extremely limited air pathway contamination potential the 
possibility of food chain contamination is low. 

The overall potential for soil migration of contaminants offsite 
is low. 

3.7 Potential for Human Exposure From Worker-Management Practices 

The health data described in Chapter 2 covering worker physicals 
and Workman Compensation claims exemplifies the concerted effort 
that B.H.S., inc. has made to identify potential health risks to 
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its employees. By means of an initial and ongoing training 
programs employees are conscious of the need for proper handling 
of the hazardous waste disposed of onsite. 

The initial training program begins with a review of the possible 
modes of entry of contaminants into the human body. Then safety 
measures and equipment are identified to control the entry modes. 

A four part safety film is shown to the employee with tests 
administered at the end of each presentation. 

A monthly safety newsletter is utilized for ongoing training of 
personnel as well as the usage of individual safety data sheets 
for each waste indicating proper safety equipment and procedures 

Emergency response and contingency plans have been developed. 
All employees are given their own operations manual prior to 
working with hazardous waste. This manual has all the safety 
information previously described to the employee as well as thier 
duties in case of an emergency. 

As evidence by the good safety track record at this facility the 
potential for worker-management exposure is low. The motto here 
is "If a worker has a question he is to keeping asking until that 
question has been fully answered". 
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EXECUTIVE SUMMARY 

ENVIRONMENTAL ASSESSMENT REPORT 
BHS, INCORPORATED 

WRIGHT CITY, MISSOURI 

This report presents a preliminary assessment of the potential for environ
mental impairment associated with the continued operation of the BHS, Inc. 
industrial waste management facility near Wright City, Missouri. This 
environmental impairment assessment is based upon a review of documents 
provided by BHS, Inc. and data contained in our files. The facility has 
been operated by BHS, Inc. since 1971. Prior to 1977 and for an indetermi
nate period of time, a portion of the property was operated as a sanitary 
landfill. This sanitary landfill has been closed and provided with a 
cover. Adjacent to the closed landfill, BHS is currently accepting and 
landfilling hazardous and non-hazardous solid wastes from a broad group of 
generators that includes industries, hospitals, and public agencies. 

Five areas relating to the potential for gradual environmental impairment 
have been identified and are described below: 

1. Wastes Received and Disposed at the Site. The wastes pose an inherent 
potential for environmental impairment. The wastes are mainly solids 
having low contaminant levels and include soils, expended safety 
equipment, off-spec pesticides, paint sludges, sludges from industrial 
wastewater processes, and wastes with maximum organic liquid content 
of 5 percent by weight. The hazardous contaminant levels in the 
disposed wastes are such that the potential impairment associated with 
these wastes is classified as moderate. 

2. Environmental Pathways. Humans, animals, and vegetation are exposed 
to chemical substances via environmental pathways that include air, 
soil, ground water, and surface water. At the BHS site, the primary 
pathways appear to be ground water and surface water. The National 
Interim Primary Drinking Water Regulations (NIPDWR) standards were not 
exceeded in any ground or surface water samples collected in 1984. 
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• The potential impairment associated with these pathways is classified 
as low. This classification assumes that if ground water contamina
tion is detected, the interceptor trenches can be operated in a manner 
which will limit the off-site migration of contaminants. The 
potential impact of flooding at the site has not been addressed in 
this assessment but has been addressed in the Part B application filed 
by BHS. 

3. Population at Risk. The term population at risk refers to potential 
receptors and includes humans, animals, and vegetation. The site is 
located in a rural area and surrounding land use is primarily 
agricultural. The closest town is Wright City, population 1200, 
approximately 3 miles to the northeast. This municipality is 
hydrogeologically down gradient and employs the deep aquifer as a 
source for drinking water supply. A recreational lake near the 
facility is partially fed by an intermittent stream that crosses the 
BHS property and constitutes a potential receptor. The potential 
impairment associated with population receptors is classified as low. 

4. Management Practices. It appears that the plant js operating in 
general conformance with the requirements established by regulatory 
agencies. BHS management has responded to comments and concerns from 
regulatory agencies in a timely fashion and management appears 
responsive to the need for environmental protection. Waste handling 
procedures have been for the most part conducted in an appropriate and 
responsible manner. Pollution related complaints concerning the 
landfilling operation appear to be limited only to four odor 
complaints in the past seven years. Based on these observations, the 
potential impairment associated with management of the facility has 
been classified as low. 

5. The potential impact of outside environmental factors on the site has 
been classified as low. 

March 27, 1985 
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In the opinion of Woodward-Clyde Consultants, continued operation of this 
facility poses a low potential for gradual environmental impairment. The 
removal of the two farm ponds and the construction of the storage pond 
covers will further decrease the potential for environmental impairment. 

March 27, 1985 
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1.0 INTRODUCTION 

1.1 Authorization 

In accordance with Addendum 1 dated January 25, 1985 to the Agreement 
between BHS, Inc. (BHS) and Woodward-Clyde Consultants (WCC), WCC has 
prepared the following assessment of the potential for gradual (non-sudden) 
and/or abrupt environmental impairment at the BHS facility near 
Wright City, Missouri. 

1.2 Purpose and Scope of Assessment 

This report was prepared for the purpose of assisting BHS, Inc. in 
completing the required documentation for their Environmental Impairment 
Liability (Ell) insurance. Such insurance would typically cover claims 
that arise from gradual environmental impairment resulting from the 
operation of the hazardous waste landfill. This environmental impairment 
report may also serve to address portions of the environmental requirements 
of the 1984 RCRA Amendments. 

This assessment is based upon a review of documents made available to us by 
the BHS management, interviews with Mr. Michael D. Gill, BHS Vice 
President, and a one-day site inspection. This assessment is, therefore, 
inherently general and preliminary. The primary objectives of this report 
are to: (1) present the format and components of a typical environmental 
impairment assessment, (2) present our best estimate of potential 
impairment for each factor addressed based upon the information made 
available to us, (3) identify those factors and areas for which more 
information is required to improve the estimation of the potential 
impairment, and (4) recommend means for acquiring the additional 
information. 

March 27, 1985 
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1.3 Approach 

1.3.1 Site Inspection 

A site inspection was made on March 5, 1985, by WCC personnel Philip J. 
Knotts (hydrologist) and Thierry-R. Sanglerat (geotechnical engineer). The 
WCC inspection personnel met with BHS representatives, Mike Gill and 
Ben Moore, who described the general landfill operations and management 
activities, provided background information, and conducted a tour of the 
site facilities. 

1.3.2 Data Acquisition and Review 

The data provided by BHS management and reviewed as part of this assessment 
are listed in Table 1. Additional data were obtained from wee files and 
published literature. 

1.3.3 Assessed Potential Classification 

The approach to assessing the potential of environmental impairment in
volves consideration of a number of factors in each of the following five 
areas: 

o The inherent hazard potential of the wastes received, handled, 
processed, stored and disposed at the site; 

0 

0 

The potential environmental pathways through which humans, animals or 
vegetation could be exposed to chemical substances originating from 
the site; 

The nature of the biological populations that are at risk due to 
potential exposure to the chemical substances originating from the 
site; and 
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Woodward-Clyde Consultants 

o The facility's management practices and other activities and 
procedures that may affect the potential exposures. 

o The potential impact of outside environmental forces or factors acting 
upon the site. 

Each of these areas is evaluated separately on a potential classification 
scale ranging from least hazardous (very low risk) to most hazardous (very 
high risk). The qualitative scale of potential used in this report is: 
very low= well below average; low = below average; moderate = average; 
high = above average; and very high = well above average. The 
classification is subjective and reflects the degree of perceived hazard. 
An overall classification for the facilities is then estimated by combining 
the separate classifications for the four major areas. The four areas, as 
they relate to the potential for gradual environmental impairment, are 
discussed in Sections 3, 4, 5 and 6 of this report; the overall facility 
classification is presented in Section 7. 

1.4 limitations 

The preparation and use of this report are subject to the provisions of the 
Agreement between BHS and wee dated January 18, 1985. The purpose of this 
report is to assist BHS in completing the necessary docu~ents for obtaining 
Environmental Impairment liability insurance. The report also addresses 
some of the environmental assessment requirements of the 1984 ReRA 
Amendments. 

The objective of this report is to identify conditions that could lead to 
long-term environmental impairment. The objective is limited to those 
conditions that can be identified through visual site inspection and 
through review of data made available to wee. This report does not provide 
a complete evaluation of the environmental risk arising from operation of 
the subject facility, nor does it provide a guarantee of the facility's 
future performance or environmental risk. The verification of information 

March 27, 1985 
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provided by BHS employees and its consultants and of detailed investiga
tions, testing, and analytical evaluations are beyond the scope of this 
assessment. However, this report is intended in part to identify the need 
for additional studies. 

2.0 DESCRIPTION OF FACILITIES 

2.1 Landfill and Installations 

The BHS, Inc. industrial waste management facility is located in Warren 
County, Missouri, approximately three miles southwest of Wright City, as 
shown in Figure 1. The BHS property covers approximately 158 acres. The 
general site soil stratification consists of, in descending order, loess 
and modified loess, glacial drift, glaciofluvial silts and sands with some 
clay interlayering, glacial till, and a residual gravelly clay immediately 
overlying the rock/refusal surface {D. E. Klockow & Associates, April, 
1984). 

The waste handling operation consists of receiving, checking, and landfill 
disposal of hazardous and non-hazardous waste materials. The facility has 
been operated by BHS, Inc. since 1971. The present staff consists of about 
15 people. Prior to 1977, and for an unknown period of time, a portion of 
the property was operated as a sanitary landfill. This area and the past 
hazardous waste disposal area have been closed and provided with a cover. 

The facilities at the site are shown in Figure 2 and include: 
o Offices, laboratory, and septic tank 
o Parking area 
o Heavy equipment and equipment storage 
o Maintenance and garage area 
o Various storage warehouses 
o Covered truck-wash storage pads 
o Former covered sanitary landfill 
o Past disposal area 
o Covered and uncovered surface impoundments 

March 27, 1985 
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0 Borrow material area 
0 Active disposal area 
0 Interceptor trenches 
0 Leachate sumps 
0 Monitoring wells and piezometers 

Four surface impoundments (SI-1, SI-2, SI-3 and SI-4) exist at the site 
(see Figure 2). The Sl-1, SI-2 and SI-4 impoundments are lined and have 
leachate collection systems. The surface impoundments have been used to 
manage surface runoff and liquid hazardous wastes from leachate collection 
systems generated from site operations. 

J1gu_re .? ~hows the location of the past landfilling area and the currently 
operating landfill designated as Area 1. The cell in Area 1 has been 
designed so that a minimum of 30 feet of soil remain in place between the 
first aquifer and the bottom of the cell. Area 1 has been constructed with 
a leachate collection system that consists of a blanket drain, ·collection 
trenches, and sumps. 

To the east and south of the landfill area are three interceptor trenches 
designated 1-1, 1-2 and I-3 (see Figure 2). The trenches are designed to 
intercept ground-water flowing from Area 1 toward an intermittent stream 
located to the east and south of the landfill. Trench I-1 consists of a 
compacted clay barrier with a sand drain on the up-gradient side. Trenches 
1-1 and 1-2 drain to a common collection location. Trenches 1-2 and 1-3 
consist of sand drains without the clay barrier. 

To the east of the landfill, at the surface water sampling locations shown 
in Figure 3, BHS has constructed subsurface compacted clay barriers across 
the alluvium of the intermittent stream. These barriers are intended to 
divert ground water within the alluvium to the surface to facilitate 
sampling during dry seasons. 

March 27, 1985 
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According to BHS management, the accumulated quantity of waste landfilled 
between 1977 and 1984 is estimated to be approximately 150,000 cubic yards. 
The projected rate of disposal is estimated to vary between 30,000 to 
60,000 cubic yards per year. 

2.2 Permits 

Permits which are applicable to this landfill operation pertain to solid 
waste management activities and have been issued by the Missouri Division 
of Health and the Missouri Department of Natural Resources. 

2.2.1 Air Pollution Control Requirements 

BHS personnel indicated that no air monitoring is done on the site. It 
appears that the State of Missouri does not consider the facility a source 
of air pollution and, thus, does not require it to have a permit. 

2.2.2 Water Pollution Control Requirements 

The BHS facility currently has no applicable National .Pollution Discharge 
Elimination System (NPDES) permit. According to BHS, all recovered water 
is solidified or spray irrigated for evaporation. 

Occasionally the interceptor trenches are pumped directly into the 
intermittent stream that flows across the property adjacent to the 
landfill. Prior to pumping, laboratory analyses are performed on water 
samples obtained from the interceptor trenches; only if contaminant levels 
are found to be below NIPDWR standards, will pumping take place. 

2.2.3 Solid Waste Management Requirements 

BHS obtained approval to operate a 120-acre 11 Refuse Disposal Area" from the 
Missouri Division of Health (MDOH) on November 16, 1971. The MDOH approved 
site includes the area occupied by the current operating facilities. A 
variety of waste materials were landfilled under MDOH regulations and on 
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November 1, 1974, approval to operate was also obtained from the Missouri 
Department of Natural Resources (MDNR). A permitting program was 
subsequently developed by MDNR and on August 1, 1976, Solid Waste Disposal 
Area Operating Permit No. 121901 was issued by the MDNR. Special Solid 
Waste Disposal Area Operating Permit No. 721901 was issued on May 25, 1977 
and allowed BHS to landfill special industrial waste materials in the 
current operating area. This area is now referred to as Area 1, as shown 
on Figure 2. 

Subsequent to enactment of the Missouri Hazardous Waste Management Statute, 
implementing rules and regulations were developed by MDNR. BHS currently 
holds MDNR Hazardous Waste Facility Permit No. TSD 122282 001 for its 
present operation. 

BHS submitted Notification of Hazardous Waste Activity to the United States 
Environmental Protection Agency (EPA) on July 30, 1980. Part A of the 
federal permit application was submitted to EPA on September 19, 1980. 

~ Interim status was achieved and the facility is currently operated under 
the applicable requirements of 40 eFR Part 265. In April of 1984 BHS filed 
the proper notification and Part B permit application to ~onform to USEPA 
requirements. Review of the ReRA Part B application is in progress. BHS 
also submitted an application for above-ground waste disposal. 

Performance of a ReRA audit on this facility was not within the scope of 
this study and a compliance audit of the administrative and technical ReRA 
requirements has not been made. 

2.3 Operations and Procedures 

Before any hazardous waste from a generator can be accepted at BHS (other 
than permitted emergencies, exempt persons, or multiple collections of less 
than 220 pounds), the generator must supply all the information which must 
be known to treat, store or dispose of the waste in accordance with the 
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current regulations. However, the following types of wastes are not 
accepted by BHS: 

o Ignitable waste as defined in 10 CSR 25-4.010(2) RSMo and 
40 CFR 261.2l(a) 

0 

0 

0 

0 

Reactive waste as defined in 10 CSR 25-4.010(4) RSMo and 40 CFR 
261.23(a) unless cyanide and sulfide concentrations are less than 
500 ppm 

Volatile waste having a true vapor pressure greater than 78 mm Hg at 
25° Centigrade 

Bulk liquids 

Free-flowing sludges or free liquids which will drain from the sludge 
by gravity. No sludge may be landfilled which contains more than 
5 percent by weight organic liquids. Exception to this rule is 
allowable only with prior approval by MDNR. 

Once the waste information has been received, BHS completes a "Missouri 
Department of Natural Resources Hazardous Waste Disposal Request" form for 
each waste material to be landfilled. This form is then submitted to MDNR 
for disposal approval prior to accepting the wastes. 

Upon arrival at the site, BHS inspects all waste materials and analyzes 
selected samples prior to disposal. The following analyses are performed 
on the randomly collected samples: 
o pH 
o Specific gravity 
0 

0 

Percent volatiles at 100° Centigrade 
Percent volatiles at 600° Centigrade 
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Containers are opened for inspection, free liquids are mixed with solid 
waste or cement kiln dust and void spaces greater than 10 percent of drum 
capacity are filled with sand or soil or the drum is crushed. 

Once the waste is found to be acceptable, it is then unloaded in the active 
zones of the landfill. The drum disposal areas are segregated from the 
bulk waste disposal trenches. 

A soil cover is placed over the waste on a weekly basis. If there is an 
odor problem or a wind dispersal problem associated with the waste, the 
waste is then covered with sufficient soil to control the problem. When 
the trench has been filled to within 2 feet of the original ground level 
with waste, the trench is closed and provided with intermediate cover. 
Leachate and contaminated water that accumulate in the active area of the 
trench are segregated and pumped to surface impoundment SI-2. Ground water 
monitoring is performed on a regular basis. 

2.4 Wastes 

Materials landfilled at the BHS facility are both hazar~ous and non
hazardous waste from a broad group of generators that include industries, 
small businesses, private citizens, hospitals and public agencies. 
Examples of the types of wastes disposed at the facility are the following: 

o Paint sludge containing heavy metals such as cadmium, chromium, 
nickel, lead, mercury, and traces of solvents such as toluene, 
benzene, etc. 

o Heavy metal contaminated waste (less than 1 percent by weight) 

o Pesticides (less than 10 percent by weight) 

o Dust collector dust 

o Spill clean-up materials 

o Expended safety equipment 

o Contaminated soils from lagoon removal 
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o Wastes contaminated with chemicals such as creosote, 
orthochlorophenol, pentachlorophenol, etc. 

0 

0 

0 

Sludges from industrial wastewater processes 

Wastes with maximum organic content of 5 percent by weight 

Non-hazardous wastes 

The landfilled solid wastes are either containerized in drums or disposed 
in a bulk form. 

3.0 INHERENT HAZARD POTENTIAL OF WASTES 

The potential for hazardous waste constituents to adversely affect the 
terrestrial and aquatic environments depends upon a number of circumstances 
and conditions. These include concentration of the compound in the waste, 
mobility of the hazardous constituent in various environmental media, 
toxicity of the compound in the terrestrial and aquatic ecosystems, and 
persistence of the compound in the environment. 

The wastes disposed at BHS that pose the greatest potential risk to 
terrestrial and aquatic environments are: pesticide~, wastes containing 
solvents, wastes containing heavy metals, and wastes contaminated with, for 
example, creosote and ortho- and pentachlorophenol. Other disposed wastes 
may pose equal or greater risk to the environment than these. It is 
difficult to assign an inherent hazard potential without knowing the 
concentration and chemical form of the hazardous constituents within the 
disposed materials. 

In the opinion of Woodward-Clyde Consultants, the inherent hazard potential 
of the wastes present at the site should be classified as moderate. This 
classification is based solely on the toxicity of the various hazardous 
compounds being handled by the BHS facility. 
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4.0 ENVIRONMENTAL PATHWAYS 

The media and means through which humans, animals and vegetation are 
exposed to chemical substances are termed environmental pathways. The 
identified potential exposure pathways of the site are: air, ground water, 
surface water, and access haul roads. 

4.1 Airborne Emissions 

The principal wind direction in summer is from the south-southwest and in 
winter is from the northwest. No air monitoring is done either on site or 
off site. 

The standard BHS practice for handling wastes that might have a wind 
J• I ,/' 

dispersal problem is to cover them with soil as soon as possible after 
disposal. As long as this handling practice is followed, there should be 
no particulate emission problem. 

In early 1981 the U. S. Environmental Protection Agency {EPA) ·obtained some 
surface soil samples off site. The EPA report and data were not made 
available to the inspection team, but it is believed that no noticeable 
level of contamination was detected off site. This would indicate that 
particulate emissions are not a problem at the facility. 

During the site inspection and the discussions with the BHS staff, there 
was no indication of problems from fugitive gaseous emissions from the 
landfill. However, there have been four odor complaints over the past few 
years. Although these complaints occurred about the time a particularly 
odorous waste was being disposed, they may indicate that a potential gas 
generation problem exists that would need to be addressed in the near 
future. 

In the opinion of Woodward-Clyde Consultants, insufficient quantitative 
information exists to classify potential impairment from air emissions. 
However, based on {1) site visit observations, (2) the fact that BHS does 
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not handle particularly volatile wastes, and (3) the fact that air 
emissions are generally not a significant problem at similarly operated 
hazardous waste landfills, a classification rating of low for the facility 
would be reasonable. 

4.2 Ground Water 

The wee ground-water monitoring report dated March 7, 1985 provides the 
following conclusions about ground-water conditions at the site: 

1. Based on 1984 water levels and previous monitoring data from the GM 
wells, ground water movement in the aquifer is generally from south to 
north at the site with an estimated ground-water gradient ranging from 
0.03 to 0.07 ft/ft. 

2. Vertical recharge to the aquifer is apparently limited by an overlying 
deposit of low permeability soil which creates a perched ·ground-water 
layer above the identified aquifer. The direction of flow in the 
perched layer is radially away from the impoundments toward 
topographically lower areas but the perched water .is also moving 
slowly downward to the underlying aquifer. 

3. Ground-water recharge to the aquifer is occurring to the south of the 
site and the recharge source is the intermittent stream that flows 
from northeast to southwest across the southern portion of the site. 

4. There appear to be no cyclic or seasonal trends in ground-water 
elevations although ground-water levels may generally decrease during 
periods of drought. 

5. National Interim Primary Drinking Water Regulations (NIPOWR) standards 
were not exceeded in any water samples collected in 1984 at BHS. 
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6. Methylene chloride, hexachlorobutadiene, and bis(2-ethylhexyl)phtha
late were the only priority pollutants detected at the site in 1984. 
Hexachlorobutadiene and bis(2-ethylhexyl)phthalate were detected in 
GM-lR during the third quarter at 78 ug/1 and 47 ug/1, respectively, 
but were not detected in the fourth quarter samples and were not 
detected in the leachate sample. Retesting for methylene chloride 
indicated concentrations were below the method detection limit. 

7. Distinct cyclic, seasonal or other trends in the ground-water quality 
were not discernable and, in general, the water quality in the GM 
wells, the interceptor trenches, and the stream was very similar. 
Elevated pH values observed in wells GM-1, GM-1R, and GM-4 appear to 
be related to grout within or near to the screened zone of these 
wells. 

Site investigations have indicated the presence of selenite crystals in the 
oxidized glacial till joints. The potential for dissolution of the 
selenite crystals by landfill .leachate could not be assessed. 

On the basis of WCC's assessment of ground-water conditions, the current 
potential of impairment from ground-water contamination at the site is low. 

4.3 Surface Water 

The site is located on the uplands of the Missouri River, a r~gion that 
typically consists of rolling hills and gently sloping valleys. The 
topography at the site varies from 810 feet MSL in the northwestern corner 
to 724 feet MSL at the southwestern corner. As shown in Figure 1, an 
unnamed, intermittent stream with several small tributaries drains the site 
and immediate vicinity. This stream feeds a recreational lake one-half 
mile southwest of the facility. 

The covered SI-2 impoundment is the only impoundment presently used for the 
storage of potentially hazardous liquids generated from on-site operations. 
Wastewater from SI-2 evaporates or is treated with cement kiln dust and the 
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resulting solids disposed in the hazardous waste trenches. SI-1, Sl-3 and 
SI-4 are used to manage surface runoff that has not been in contact with 
the waste. The runoff waters that have been in contact with the waste on 
site are pumped into pond SI-1 where water samples are then obtained and 
tested. If the contaminant levels in SI-1 are found to be below NIPDWR 
standards, the water is discharged into the unlined SI-3 pond. The water 
in pond SI-3 is used for irrigation during summer. 

With the exception of occasional pumping from the interceptor trenches, 
water is not discharged into the intermittent stream adjacent to the 
landfill. The interceptor trenches are pumped to the stream only after 
chemical analyses show that contamination levels are below the NIPDWR 
standards. The water quality of the intermittent stream at the downstream 
sampling station is similar to that of the upstream sampling station, 
indicating that the facility is not adversely affecting the surface water 
quality of the area. 

On the basis of water quality data and site observations, WCC concludes 
that the potential of impairment from surface water contamination at the 
site is low. 

4.4 Access Roads 

As described in the report prepared by D. E. Klockow & Associates, the 
recommended access route to the facility from the west is to exit U. S. 
Interstate 70 (1-70) at Warren County Route H, south on Route H to a "T 11 

intersection with Warren County Route M, east on Route M approximately 
one-half mile to Muenz Road, then south on Muenz approximately one-half 
mile to the facility. The recommended access route from the east is to 
exit 1-70 at Warren County Route F, then proceed west on the north outer 
road to Warren County Route H, then south on Route H following the 
directions previously given. The recommended access route from the south 
is to follow Missouri Highway 47 north to Warren County Route 0, east on 
Route 0 to Warren County Route M, west on Route M to Muenz Road, then south 
on Muenz to the facility. 
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All road surfaces to the front gate are paved and those on the site are 
gravelled. The conditions and load limits of bridges along the paved 
routes were not evaluated. The traffic on these local access roads through 
this lightly populated area is minimal. Because the probability of an 
accident resulting in a spill is low, wee concludes that the potential of 
environmental impairment from local access road contamination is also low. 

4.5 Overall Environmental Pathway Classification 

In the opinion of WCC, the combined potential for gradual environmental 
impairment from the four pathways described above should be classified as 
low. This classification assumes that if ground-water contamination is 
detected, the interceptor trenches will be operated in a manner that will 
limit the off-site migration of contaminants. 

5.0 POPULATION AT RISK 

This section identifies population receptors that are at risk from 
potential exposure to hazardous substances originating from the site. The 
receptors include land use activities, human population~ and animal and 
plant populations. An overall potential impairment rating for the 
population receptors has been assigned in Subsection 5.4. 

5.1 Land Use in Site Vicinity 

The site is located in a rural area in Warren County, Missouri, approxi
mately 3 miles southwest of Wright City, as shown in Figure 1. Land use 
surrounding the site is mostly agricultural, and most of the agricultural 
land is cropped with the rest being devoted to raising livestock. The 
other major land use in the area is recreational. There is a recreational 
lake one-half mile southwest of the site that has several lake home sub
divisions around it. 
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5.2 Human Population 

The population of Wright City is approximately 1200 people. The area 
a.round the BHS facility is a thinly populated agricultural area with few 
farms and recreational subdivisions in the vicinity. Some rural water 
supplies are obtained from bedrock wells about 200 feet deep; a few shallow 
wells of unknown depth are known to exist. 

5.3 Animals and Plant Population 

Animals in the area around the BHS facility consist of those indigenous to 
the eastern part of Missouri and agricultural livestock. There is no 
evidence that the area around the facility is a habitat for any rare or 
endangered species. Deer tracks observed at the site indicate that 
wildlife does traverse the area. 

The area is classified as grassland and deciduous forest. Plant life 
around the BHS facility consists of indigenous eastern Missouri flora or 
commercial crops such as corn, wheat, soybean, sorghum and hay. There is 
no evidence of the area around the facility being a habitat for any rare or 
endangered plant species. 

5.4 Impairment Associated with Populations at Risk 

Based upon the low population density and the low classification rating 
assigned to environmental pathways, wee concludes that the potential for 
gradual environmental impairment associated with surrounding populations 
should be classified as low. 

6.0 MANAGEMENT PRACTICES 

The BHS facility's management procedures and other activities and 
procedures that may affect potential environmental impairment constitute 
the management practices aspect of the environmental impairment assessment. 
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6.1 Compliance with Regulations and Standards 

The BHS facility is currently operating under Federal RCRA Interim Status 
and has a Missouri State landfill permit to treat, store and dispose 
hazardous waste. Discussions with BHS management and review of the 
available files indicated no maj.or instances of non-compliance with 
regulations. The USEPA inspects the facility once a year while MDNR 
inspects the site weekly and generates a quarterly report. It appears that 
BHS response to past instances of regulatory non-compliance and to EPA and 
MDNR requests has been timely and appropriate. It also appears that BHS's 
management of solid wastes is being performed in conformance with current 
requirements of the regulatory agencies. 

Because of insufficient information, an evaluation could not be made as to 
whether BHS is meeting all state administrative and technical solid waste 
requirements. 

6.2 Management Attitude 

Based on the site visit and review of selected BHS files,.it appears that 
the attitude of BHS management is one of cooperation with the spirit and 
letter of applicable regulations. The management also appears committed to 
making their best efforts to conform with all environmental regulations as 
well as any requirements regarding employee health and safety. 

Correspondence with regulatory agencies appears timely and responsive. 

6.3 Employee Training and Safety Procedures 

BHS management has stated that there is an employee training program and 
safety procedures are available. However, at the time of the site visit, 
the employees were not seen wearing any kind of special safety equipment. 
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6.4 Waste Handling and Treatment Procedures 

The waste handling and treatment procedures, for the most part, are 
apparently being conducted in an appropriate manner. 

6.5 Emergency Plans and Site Security 

In case of an emergency, BHS has a contingency plan which contains a formal 
written response procedures and emergency equipment is readily available on 
site. The main entrance to the site is the only vehicular access to the 
active area from a public road. The site and the inner active area are 
both partially fenced. 

6.6 Past Incidents 

BHS management has indicated that there have been no past incidents that 
have resulted in the release of hazardous constituents to the environment. 
During the summer of 1981, leachate was noticed leaking through the 
sanitary landfill berm. The berm was subsequently reinforced and no 
further leaking was apparent. On September 10, 1984, p non-hazardous waste 
spill occurred on site. The spill was due to an accident involving a truck 
containing brine. 

6.7 Impairment Associated with Management Practices 

On the basis of the site visit and review of some BHS files, WCC concludes 
that the potential of gradual environmental impairment from current 
management practices should be classified as low. 

7 .• 0 OUTS I DE ENVIRONMENTAL FACTORS 

Outside environmental factors result from potential impact on the site from 
sources beyond the control of site operations. Although the site occurs in 
earthquake Zone I, ground failure and subsequent waste emissions due to 
earthquakes is considered low. Additionally, catastrophic failure of a 
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small dam upstream of the site is a potential hazard but the risk to the 
site from such a failure is also considered low. The site is well marked 
and partially fenced. Potential incidents related to trespass are 

considered low. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

This section summarizes the potential environmental impairments at the site 

and presents recommendations for additional information. 

8.1 Summary of Present Potential of Environmental Impairment 

The present assessment of the potential of gradual environmental impairment 
for the four areas discussed in this report is summarized below. 

Assessed Potential 
Area Classification 

Inherent Hazard Potential of Materials 
Environmental Pathways 
Population at Risk 
Management Practices 
Outside Environmental Factors 

Moderate 
Low 
Low 
Low 
Low 

Based upon these preliminary assessments, wee concludes that the present 
information would support a low overall potential of gradual environmental 

impairment classification for this facility. 

8.2 Recommendations for Additional Information 

wee recommends that additional information be obtained or remedial actions 

be taken in the following areas: 

1. Implementation of the removal plan for the two farm ponds. These two 
farm ponds are located outside the fenced area and at a higher 
elevation than some of the adjacent landfill area. 
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2. Obtain water level measurements in all wells and piezometers to 
provide a better definition of the direction of ground-water movement 
and possible fluctuations in ground-water levels. These measurements 
can be easily and inexpensively obtained. 

3. Additional sampling of piezometers installed in the aquifer monitored 
by the GM wells may confirm the possibility of grout contamination of 
specific GM wells. If grout contamination is confirmed and pH values 
do not return to values representative of the aquifer, replacement of 
the contaminated wells may be necessary to comply with monitoring 
requirements. 

4. To evaluate and establish the reliability of the. analytical results, 
it is recommended that a minimum 10 percent QA/Qe program be 
implemented. The program would include the submittal of blind 
duplicates, spikes, splits, standards and blanks to the laboratory on 
a regular basis. The results of all QA/QC analyses should be reported 
with each set of sample analyses. 

5. Consider the installation of gas vents in the closed landfill areas to 
allow generated gases to be vented to the atmosphere and protect the 
integrity of the cap. 

6. Restrict wild animal access to the property. 
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1 NTRODUCTI ON 

EVALUATION OF 1984 GROUND WATER MONITORING DATA 
BHS, INC. 

WRIGHT CITY, MISSOURI 

This report presents an evaluation of the 1984 ground-water monitoring 

data obtained at the BHS, Inc. site near Wright City, Missouri. The 

evaluation was requested by BHS, Inc. for presentation to the Missouri 

Department of Natural Resources (MDNR) and was performed in accordance with 

Addendum 2 to our agreement for services with BHS, Inc •. Although the 

report is to be submitted to MDNR, it is not intended to substitute for the 

1984 Annual RCRA Ground Water Monitoring Report. 

SITE DESCRIPTION 

The BHS, Inc. industrial waste management site is located 3 miles 

southwest of Wright City in Warren County, Missouri, as shown in Figure 1. 

Located on the uplands of the Missouri River, the region typically consists 

of rolling hills and gently sloping valleys. The topography at the site 

varies from about 810 feet MSL in the northwestern corner to about 724 feet 

MSL at the southwestern corner. As shown in Figure 1, an intermittent 

stream with several small tributaries drains the site and immediate 

vicinity. A geologic description of the site is presented in Appendix A. 

A brief description of t~e waste management facilities at the site is 

presented below. 

Surface Impoundments 

Four surface impoundments (SI-1, SI-2, SI-3 and SI-4 )exist at the 

site (see Figure 2). The surface impoundments have been used to manage 
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~ non-contact surface runoff and liquid wastes generated from site 

operations. 

SI-2 is the only impoundment presently used for the storage of 

potentially hazardous liquids generated from on-site operations. SI-1, 

SI-3 and SI-4 are used to manage non-contact surface runoff. 

Landfills 

Figure 2 shows the location of the past landfilling area and the 

currently operating landfill, Area 1. The cell in Area 1 has been designed 

so that a minimum of 30 feet of soil remain in place between the first 

aquifer and the bottom of the cell. Area 1 has been designed with a 

leachate collection system consisting of a blanket drain, collection 

trenches, and sumps for the final collection of leachate. 

Auxiliary Structures 

To the east and south of the landfill area are three interceptor 

trenches designated I-1, 1-2 and I-3 (see Figure 2). The trenches are 
' 

designed to intercept ground-water flow from Area 1 toward the intermittent 

stream to the east and south of the landfill. Trench 1-1 consists of a 

compacted clay barrier with a sand drain on the up-gradient side. Trenches 

1-1 and 1-2 drain to a common collection location. Trenches 1-2 and 1-3 

consist of sand drains without the clay barrier. 

BHS has also constructed subsurface compacted clay barriers across the 

alluvium of the stream at the surface water sampling locations shown in 

Figure 3. The barriers are intended to divert ground water within the 

alluvium to the surface for sampling during dry seasons. 

Berms designed to divert surface runoff resulting from a 24-hour, 

25-year storm event have been constructed around the Area 1 landfill. 
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SAr-1PLE COLLECTION AND ANALYSES 

During 1984, monthly water samples were obtained for chemical analyses 

from six ground-water monitoring wells, five surface water sampling 

stations and two interceptor trench sumps at the BHS site. The six 

ground-water monitoring wells were designed to monitor the ground-water 

quality in the uppermost aquifer at the site as described in Appendix A. 

The locations of the wells and the other sampling stations are shown in 

Figure 3. The samples were obtained and analyzed by MMTL Analytical 

Services in Columbia, Missouri, and the results are presented in 

Appendix B. Concentrations of selected chemicals during 1984 are presented 

as time-concentration plots in Appendix C. 

Generally the ground-water levels were measured prior to flushing the 

wells in preparation for sampling. The water level data are presented in 

Table 1. Water level fluctuations during 1984 and the daily precipitation 

as recorded at Hermann, Missouri are presented in Figure 4. Potentiometric 

contour maps, interpreted from the observed water levels, are presented in 

Appendix D. 

Well GM-1R was added to the monitoring network in July 1984 to replace 

well GM-1. EPA Region VII requested this change because GM-1 was 

apparently located too near the waste management facilities and might be 

influenced by the facilities. Well GM-5 was also added to the monitoring 

program in July of 1984. 

DIRECTION AND RATE OF GROUND-WATER MOVEMENT 

The direction of ground-water movement based on the water levels in 

the ground-water monitoring (GM) wells is from south to north (or southeast 
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to northwest). This direction of flow is generally consistent with the 

direction of flow interpreted from ground-water levels measured previously 

in piezometers installed at the site, (Appendix A). 

The potentiometric contours indicate recharge of the aquifer monitored 

by the GM wells is occurring to the south of the site. Seepage from the 

intenmittant stream, which flows from northeast to southwest across the 

southern portion of the site, appears to be the most probable source of 

recharge. The site geology, as described in Appendix A, indicates that the 

aquifer monitored by the GM wells may be incised by the stream or interface 

with the stream alluvium along at least a portion of this drainage way. 

Precipitation runoff and perched ground water that discharges to the 

stream are sources of water which may seep into the aquifer along the 

stream. Nested piezometers installed at the site indicate the presence of 

a perched ground-water zone above the unoxidized glacial drift (see 

Appendix A) which apparently acts as an aquitard limiting the downward 
' 

migration of the water into the underlying aquifer. The potentiometric 

contours from nested piezometers installed in this perched zone indicate 

that ground-water recharge to the perched zone originates from the farm 

ponds located west of the landfill (see Figure 3). 

Because the ponds are a relatively constant source of recharge, flow 

in the stream resulting from ground water is expected to be less va~iable 

than flow resulting from surface runoff. During periods with little or no 

rainfall, ground water that discharges to the stream may comprise the 

majority of the flow. The specific conductance of the stream is expected 

to increase during the summer since the ground water generally has higher 
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concentrations of dissolved solids. However, no surface water samples were 

collected in June, July and August of 1984 because the streams were dry. 

Lack of precipitation is expected to result in a decline of perched 

ground water elevations. Water levels may decline below the elevation of 

the ground surface so that no surface discharge occurs along the stream; 

however, subsurface discharge to the alluvium may continue. 

The ground-water observations in the GM wells generally indicate a 

decline in the water levels during June, July and August of 1984, 

indicating a lack of recharge. The large decline of water levels observed 

in wells GM-3 and GM-4 is reported to be due to additional pumping 

conducted between sampling periods. The additional pumping was apparently 

conducted in an effort to ensure that these wells were sufficiently 

developed. The observed increase in water level in well GM-2 during 

September of 1984 may be due to an erroneous measurement. As shown in 

Figure 4, there does not appear to be a direct correlation between 

precipitation and fluctuations in ground-water levels except for the 

decreasing levels generally observed during June, July and August when 

little precipitation occurred. 

The ground-water gradients estimated from the monthly water level data 

and the interpreted potentiometric contours for the GM wells varied from 

0.03 to 0.07 ft/ft in May 1984 and November 1984, respectively, and are 

consistent with gradients previously estimated by others (see Appendix A). 

Based on the values for field permeability (1 x 10-5 em/sec) and porosity 

(0.33) presented in Appendix A, the average linear velocity of ground-water 

flow would be less than 3 feet per year. 
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WATER QUALITY DATA 

Water samples were analyzed monthly for selected water quality 

indicator parameters and the heavy metals and pesticide fractions of the 

National Interim Primary Drinking Water Regulations (NIPDWR) standards. 

Additional samples from the GM wells and interceptor trenches were analyzed 

quarterly for an additional 112 priority pollutants, total coliform, Gross 

Alpha, Gross Beta, and total radium. The results of these analyses are 

presented in Appendix B and discussed below. 

NIPDWR 

The results indicate that the concentrations of neavy metals and 

pesticides were all less than the NIPDWR standards. The reported levels of 

coliform bacteria and radiochemical activity were occasionally greater than 

the NIPDWR maximum levels as presented in Appendix B. The aquifer 

monitored by the GM wells is not reported to be a drinking water supply 

(Appendix A). 

Priority Pollutants 

Priority pollutants were not detected in any samples at concentrations 

above the method detection limit, with the following exceptions: 

Well GM-1R. Hexachlorobutadiene and Bis(2-Ethylhexyl)phthalate were 

detected in the third quarter sample at concentrations of 78 ug/1 and 

44 ug/1, respectively. Well GM-1R replaced well GM-1 in July of 1984 so 

that the third quarter analysis was the first priority pollutant analysis 

from well GM-1R. Only Methylene Chloride at 160 ug/1 was detected in the 

fourth quarter sample from well GM-lR. Methylene Chloride is a 

glass-cleaning solvent commonly used by laboraties to clean bottles. 

Retesting of the water from GM-lR indicated less than the method detection 
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limit (10 ug/1) of Methylene Chloride. The analytical results from a 

leachate sample obtained at the site are presented in Appendix E. The 

results indicate Hexachlorobutadiene and Bis(2-Ethylhexyl)phthalate at 

concentrations below the method detection limit (10 ug/1). 

GM-4. Methylene Chloride was detected in the fourth quarter sample at 

a concentration of 33 ug/1. Retesting of the water from GM-4 indicated a 

Methylene Chloride concentration below the method detection limit (BMDL). 

GM-5. Methylene Chloride was detected in the third quarter sample at 

a concentration of 12 ug/1. No priority pollutants were detected at 

concentrations above the method detection limit in t~e fourth quarter 

samples from well GM-5. 

Interceptor Trench 3. Methylene Chloride was detected in the fourth 

quarter sample at a concentration of 570 ug/1. A sample from ·this trench 

was retested with the concentration of Methylene Chloride reported at BMDL. 

General Water Quality Parameters 

The general water quality parameters, including chloride, sulfate, 

magnesium, sodium, specific conductance, TOC, TOX and pH, indicate the 

water quality in the stream, the interceptor trenches and the GM wells is 

very similar with the following exceptions: 

Specific Conductance. Specific conductance is a measure of the total 

dissolved solids. The specific conductance measured in samples obtained 

from the wells and trenches is slightly higher than samples obtained from 

the stream. Specific conductance is expected to be higher in the ground 

water and trenches because of the longer contact time between the soil and 

the water. The increase in specific conducance, sodium and chloride in the 

stream during September is the result of a brine spill reported to have 
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... occurred near Area 1 prior to the date of the in September sampling. By 

December, specific conductance, sodium and chloride had nearly returned to 

the pre-spill concentrations. 

Magnesium. The concentrations of magnesium are highest in the 

interceptor trenches, lower in the ground water and lowest in the stream. 

As with the specific conductance, the magnesium content may also be related 

to the contact time between the soil and ground water and a difference in 

water quality between the perched ground water and the aquifer. 

~· The pH values of the stream and interceptor trenches is generally 

in the range of 7.0 to 8.0±. The pH of the ground-water samples obtained 

from the GM wells is also in this range with the exception of wells GM-1, 

GM-4 and the first three samples obtained from well GM-1R. The pH values 

for GM-1, GM-1R and ~1-4 range from about 9.0 to 11.0±, although the values 

for GM-lR in recent months has approached the range of 7.0 to 8.0. With 

' the exception of these wells, ground-water samples obtained at other 

on-site locations and depths {see Appendix E) have indicated pH values 

between 6.0 and 8.0±, possibly indicating the water quality in wells GM-1, 

GM-lR, and GM-4 is being impacted by cement grout in or near the well 

screen. Problems with installing the ru1 wells were reported and, in the 

case of GM-4, the grout was found to have dropped 15 to 20 feet after 

placement. To evaluate the potential impact of the grout on the water 

quality, a grout mix similar to that used to install the GM wells was 

prepared. Water which was exposed to the grout was sampled and analyzed 

for selected parameters including pH. The results which are presented in 

Table 2 indicate a pH of between 10 and 11. 

e 
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Sulfate. The concentration of sulfate was lowest in the stream, 

higher in the trenches, and highest in the GM wells, although concentra

tions in the GM wells were widely varied. The highest concentrations (1000 

to 2000 mg/1) were detected in wells GM-3, GM-1R, and GM-5. Sulfate 

concentrations in wells GM-1, ~1-2 and GM-4 were initially between 200 to 

500 mg/1. Sulfate concentrations increased in wells GM-2 and GM-4 during 

the summer months and returned to lower concentrations in the fall. The 

results of the grout/water analyses presented in Table 2 do not indicate 

significant contributions of sulfate from the grout. Previous analyses of 

samples obtained from piezometers installed at the ox.idized/unoxidized 

interface indicate higher concentrations of sulfates in the perched water 

(1580 to 1740 mg/1 in KS(ox) and K2(ox)) than in the aquifer (246 to 

372 mg/1 in GM-4 and GM-1) (WCC report dated November 21, 1983). 

Miscellaneous 

Other observations include: 

1. The water quality in Trenches 1-1, 1-2 and 1-3 is very similar and 

relatively stable. 

2. Although the concentrations of some parameters increase slightly 

in the stream as it flows through the site, the concentrations at the 

downstream sampling station are very similar to the concentrations at the 

upstream sampling stations. The concentrations at the downstream location 

increased following the brine spill in September; however, by December of 

1984 the concentrations were generally similar to the up-gradient 

concentrations. 
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3. Based upon the available data, there does not appear to be any 

distinct trend in concentrations with time, precipitation, water levels, or 

location at this site. The mean values and the standard deviations for pH, 

TOC, TOX and specific conductance for the 1984 samples are presented in 

Appendix E. 

CONCLUSIONS 

Based upon our review of the 1984 ground-water monitoring data and the 

reports of previous hydrogeologic investigations by others at the site, we 

present the following conclusions for your consider~tion: 

1. The potentiometric contours interpreted from the 1984 water levels 

reported in the GM wells indicate ground water movement in the aquifer is 

approximately from south to north at the site. The estimated ground-water 

gradient varied between approximately 0.03 to 0.07 ft/ft during 1984. The 

direction of flow and estimated gradients are consistent with the 
' 

interpretations of previous monitoring data. 

2. Vertical recharge to the aquifer is apparently limited by an 

overlying deposit of low permeable soil. Nested piezometers installed at 

the site indicate a perched ground-water layer above the identified 

aquifer. The direction of flow in the perched layer is radially away from 

the impoundments, toward topographically lower areas. Water levels in the 

nested piezometers indicate a downward vertical gradient at the site. 

3. Ground-water recharge to the aquifer monitored by the GM wells is 

occurring to the south of the site as indicated by the potentiometric 

contours. The source of the water recharging the aquifer appears to be the 
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intermittent stream which flows from northeast to southwest across the 

southern portion of the site. 

4. No cyclic or seasonal trends in ground-water elevations are 

apparent from the existing water level data. It appears that the 

ground-water levels may generally decrease in response to a lack of 

precipitation. 

5. National Interim Drinking Water Regulations (NIPDWR) standards 

were not exceeded in any water samples collected in 1984 at BHS. 

6. With the exception of Methylene Chloride, Hexachlorobutadiene and 

Bis(2-Ethylhexyl}phthalate, no Priority Pollutants w~re detected at the 

site in 1984. Hexachlorobutadiene and Bis(2-Ethylhexyl}phthalate were 

detected in GM-1R during the third quarter at 78 ug/1 and 47 ug/1, 

respectively, but were not detected in the fourth quarter samples and were 

not detected in the leachate sample. Retesting for Methylene Chlor'ide 

indicated concentrations were below the method detection limit. 
I 

7. In general, the water quality in the stream, interceptor trenches 

and GM wells was very similar. With the exception of the brine spill 

impact, the surface water quality at the downstream sampling station was 

similar to the water quality at the upstream sampling stations. 

8. Distinct cyclic, seasonal or other trends in the water quality 

were not discernable. 

9. The elevated pH values observed in wells GM-1, GM-1R, and GM-4 

appear to be related to grout within or near to the screened zone of these 

wells. 

t1arch 15, 1985 
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Woodward·Ciyde Consultants 

RECOMMENDATIONS 

Based upon our review of the data and our experience at similar sites, 

we present the following recommendations for your consideration. 

1. Water level measurements in all wells and piezometers are 

relatively inexpensive to obtain and may provide for better evaluations, at 

least initially, of the direction of ground water movement and fluctuations 

in ground-water levels. 

2. Additional sampling of piezometers installed in the aquifer 

monitored by the GM wells may confirm the possibility of grout 

contamination of specific GM wells. If grout contaminption is confirmed 

and pH values do not return to values representative of the aquifer, 

replacement of the contaminated wells may be necessary to comply with 

monitoring requirements. 

3. To evaluate and establish the reliability of the analytical 

results, it is recommended that a minimum 10 percent QA/qC program be 

implemented which would include the submittal of blind duplicates, spikes, 

splits, standards and blanks to the laboratory on a regular basis. The 

results of all QA/QC analyses should be reported with each set of sample 

analyses. 

LIMITATIONS 

The GM-series wells were installed by others to monitor ground-water 

conditions in what is identified as the uppermost aquifer, although an 

overlying perched ground-water layer has been identified at the site. This 

evaluation of the 1984 ground-water monitoring data is based on the assump

tion that the GM wells are installed in a single,· continuous, water-bearing 

March 15, 1985 
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stratum and that the wells were constructed to monitor ground-water condi

tions only in this aquifer. That is, the wells are not screened through 

more than one aquifer or water-bearing strata and are constructed to limit 

the vertical migration of water between aquifers or water-bearing strata. 

March 15, 1985 
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TABLE I 

GROUND WATER ELEVATION OATA 
BHS, INC. 

Surf ice ScrHned 
Well £lent ion Zone 1983 1984 1984 1984 

!!h.. lft 1 KSL} lft 1 MSL) ~ ~ Feb !!!!:.. 

GM-1 796.3 700.8 - 670.3 702.5 702.0 - 702.3 

Gf.I·IR 765.3 728.0 • 705.0 - - - -
GM-2 812.3 665.0 - 636.5 668.4 667.3 - -
GM·3 172.8 675.0 - 647.0 691.0 688.1 - 685.8 

GM-4 758.0 682.3 - 653.0 727.9 709.2 - . 

Gfl-5 777.6 686.4 - 631.4 - - -

Much 1, 1985 
wee Project W4C7729-2 

-

1984 1984 1984 1984 1984 
!~!!.. !!!1... !!!!.!!.... :!!!... ~ 

703.3 699.8 698.3 

- - - 749.3 740.3 

667.3 664.3 662.3 667.3 666.7 

687.8 682.8 660.8 660.8 683.8 

731.0 693.0 688.0 688.0 100.0 

- - - 6&6.6 682.0 

1984 1984 
~ Oct 

737.8 740.3 

718.3* 666.7 

674.3 692.8 

686.0 698.0 

682.6 678.6 

-

1984 1984 
~ !!f._ 

740.3 

663.3 

657.8 

703.5 

676.6 

f 
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h 
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¥ 
en c ;= 
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Analysis 

Total Organic Halogen 

Chloride 

Sulfate 

TABLE 2 

GROUT/WATER ANALYSES 
BHS, INC. 

Concentration 

Total Organic Carbon (Sparged} 

Magnesium 

100. 

52. 

143. 

4. 

10.8 

166. Sodium 

Woodward·Ciyde Consultants 

Units 

UG/L as CL 

MG/L 

MG/L 

MG/L 

MG/L 

MG/L 

Notes: Analyses were performed on samples as received by Wilson Labs 
utilizing approved procedures published in the Federal Register, 
Vol. 49, No. 209, October 26, 1984. 

Samples analyzed February 18, 1985. 

March 15, 1985 
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1. INTRODUCTION 

Bob's Home Service, Inc. (BHS, Inc.) is a solid waste management 
firm operating two geographically separate landfill disposal facilities 
intheWright City, Missouri, area. One of these, the subject of this 
report, is a chemical landfill. The other, several miles away, 
is a sanitary landfill. Wright City is approximately 35 miles 
west of St. Louis on I 70. (Please see Figure I in the Appendix.) 

BHS, Inc. desires to obtain Environmental Impairment Liability 
("EIL") insurance for its chemical landfill operations.only on 
behalf of itself and three other named insureds including J & Z Waste 
Disposal, Inc., as this coverage is defined in Form EIL (USA) - 1276. 
Environmental Risk Assessment Service (USA) ("ERAS") has been re
tained to survey BHS, Inc.'s activities at the site and furnish 
a report assessing the liability risks as a ,prerequisite to accept
ance of the risk by the underwriters of EIL insurance. 

The risk assessment given by ERAS in this and similar reports 
is based on the following factors: 

1. The nature and quantities of the materials handled, in 
particular the potential for damage to health (of human, 
animal, or plant life) or property if releases to the en
vironment were to occur. 

2. The degree of control exercised on materials processing, 
handling, and storage. 

3. The adequacy of controls on the treatment of waste streams 

released to the environment. 
4. The amount of management attention given to matters of 

environmental concern. 
5. The location of the insured's operations relative to 

possible damage targets. 
The evaluation is largely qualitative and is given on a verbal 

scale from very high to very low risks. 

2. DISCLAIMER 
The material that follows is furnished pursuant to an express 

agreement that the ERAS study and report are made for the benefit of 
both BHS, Inc. and the potential insurers and that ERAS is free to 
inform the potential insurers of any if information relevant to the 
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evaluation of the potential risk coming to its attention in the course 
of the survey or preparation for it. It is further understood that ~ 
ERAS accepts no liability to the potential insured, insurers, reinsurers, 
or others arising out of any negligence, lack of diligence, or failure 
to furnish services of a professional quality on the part of ERAS's 
employees or agents in its preparation, nor for any. losses sustained 
by BHS, Inc. as a result of any denial of insurance based on the survey 
or report. 

Factual information has been obtained from BHS, Inc.'s personnel 
and has been assumed to be correct and complete by ERAS. A draft of 
this report has been reviewed by BHS, Inc. 

3. RISK ASSESSMENT 
As a class, hazardous waste disposal is assigned a risk rating that 

is very high compared with the average rating for industrial and 
commercial activities as a whole. Compared to other hazardous waste 
disposal sites, BHS, Inc. is assigned a rating that is low compared 
to the median for such sites. 

This favorable rating is assigned by ERAS subject to the 
recommendation that the following qualification be included in any 
coverage that is provided to BHS, Inc. 

BHS, Inc. adopt a system of chemical'testing sufficient 
to establish that the initial load of each waste stream from 
each new customer and new waste streams from existing customers 
conform to the shipping manifests or other advance indications 
of waste composition supplied by the waste generators. The 
present screening orocedures may continue for homogeneous 
waste streams once their identities are established. 

4. OPERATIONS 
A. General 
The original owner of BHS, Inc., Mr. James Zykan, initially 

became involved in solid waste management as a municipal refuse 
hauler and then sanitary landfill owner and operator. When the need 
became apparent, Mr. Zykan established a haz.ardous solid waste dis
posal operation at his facility in Hickory Grove, Warren County, 
Missouri. A three-year industrial solid waste disposal permit was ~ 
obtained from the Missouri Department of Natural Resources on May 
25, 1977. BHS,Inc. began accepting industrial (hazardous) waste 
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at the time on 15 acres out of the site total 150. It is estimated 
that if all permittable acreage on the present site were to be util
ized, a total disposal capacity of 1,000,000 cubic yards would be 
available. Permits for an additional 23 acres have been applied for 
with the expectation. of further applications in future. 

Subsequent to issuance of the May 25, 1977, permit, Missouri 
developed a specific hazardous waste management program with associated 
rules and regulations. These became effective on July 1, 1980, and 
required BHS, Inc. to apply for a new five-year disposal permit. 
The new permit has not as yet been issued but a variance (i.e. an ex
tension) to the original permit has been granted. New permits have 
become political footballs in this election year so some further delay 
in issuance is to be expected. 

The landfill has acquired considerable unwanted notoriety as 
it is now the only permitted solid waste disposal facility in 
Missouri although B.F.I. operates a hazardous liquid waste disposal 
facility near Kansas City. A number of other landfills were 
closed as a result of the July 1 regulations. BHS, Inc.'s principal 
motive for acquiring non-sudden environmental impairment liability 
insurance at this time appears to be the company's desire to 
demonstrate good faith compliance with all reasonable present and 
potential regulatory requirements. 

The facility does not accept liquid or radioactive wastes. 

Mr. Zykan is now deceased and ownership has passed to his widow. 
Actual day-to-day operation (including acceptance or rejection of 
specific wastes considered for disposal) is under the direction 
of Mr. Michael Gill. Mr. Gill possesses a B. S. in Chemistry and 
an M.B.A. The facility employs seven individuals in additional to 
Mr. Gill: three drivers, one mechanic, two laborers and a secretary/ 
bookeeper. BHS, Inc. is somewhat unique in that it is the transporter 
of approximately 90 percent of the waste disposed of at the site, 
both drums and bulk. Transporter bonding is not mandated by Missouri 
and none has been obtained. 

The site was designed by an apparently competent engineering 
firm, Reitz and Jens, Inc. of St. Louis, at an appropriate fee ($60,000.) 
The site encompasses the disused 10-acre sanitary landfill that was 
Mr. Zykan~ original disposal facility. 
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B. Site Description 
The area surrounding the Bob's Home Service, Inc. landfill is 

basically rural. Land bordering the property is occupied by ~ 

farmland and woods with Innsbrook (a part-time vacation home community 
on a man-made lake) lying approximately 1/2 mile southwest of the 
site. Location of Innsbrook relative to BHS, Inc. is.sholvn on 
Figure II. There are four or five neighbors on the entry road, one 
of whom operates a hog farm. All of these residences are on wells. 
As shown in Figure II, little further development has taken place. 

i. Geology 
BHS, Inc. is in an area of Kansan glacial tills having 

thicknesses of at least 100 feet with limestone and shale bedrock 
below the till. 

The bedrock formations in the region are Mississippian Age 
shales and limestone of the Burlington and Ferm Glen Formations plus 
the Chouteau and Sulphur Springs Group where the tills are thinner, 
and Ordovician (Kimmswick, Decorah or Plattin) where the tills are 
thicker. The large unconformity between formation of Ordovician and 
Mississippian Ages results from absence of Silurian·and Devonian 
rocks in this part of Missouri. 

A paleo-erosional surface is at the contact between the bedrock 
and the tills of the Pleistocene Age. A valley is indicated from 
the northwest to the southeast. This erosional valley was filled 
with massive, fine-grained till during the Pleistocene Age. Valleys 
of this type are common in northern Missouri although, at BHS, Inc., 

this deep erosional valley filled with massive, fine-grained, tight 
tills, while unusual, is quite favorable for this type disposal oper
ation. The disposal facility is situated over or close to the 
center of this thick till valley. This valley condition indicates 
groundwater in the BHS, Inc. area will be contained and not migrate 
downward or disperse laterally. 

In the larger valley with intermittent stream that runs through 
BHS, Inc. neither bedrock outcrops nor springs have been detected. 
Because of the absence of these two items, no rapid lateral move-
ment of fluids can be expected. Further, no bedrock outcrops, springs 
or sinkholes have been detected within one-fourth mile of the site. ~ 
There are no established mineral reserves within one-fourth of the 
site. 
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Overlying the bedrock in this area is a thick (over 100 feet 
thick in this site) glacial till. The till, during test drilling, 
generally was tight and dry; a continuous flight auger was used to 
advance the hole. Where the test hole reached bedrock, water entered 
and rose in wh~t previously was a dry hole indicating the tightness 
of the till and that it was an aquiclude. This tightness is equally 
effective whether the water tries to move upward o.r downward. This 
Pleistocene till from the Kansan glacier is of a CL soil known to 

be fairly still clays of uniform texture, pre-consolidated and 
effectively impervious to fluid flow. Overlying the till are Putnam 
or related soils of windblown origin. A shallow clay pan from the 
modified loess is above the bottom elevation of the waste disposal. 

. ·~· 

These shallow soils, along with the sloping, local, upland 
topography provide for most of the rainfall to flow laterally along 

'·. 
the surface rather than infiltrate. This rolling topography is 
more desirable than a flat site because it reduces infiltration 
opportunity by increasing surface runoff and reducing surface 
detention storage. 

ii. Subsurface Investigation 
Tests have included 16 piezometer holes, one monitoring 

well and an initial test hole. The 16 piezometer holes were 
drilled 35 feet deep and a 3-inch diameter PVC pipe was installed 
with sand backfill in the annular space between the pipe ·and side 
of the hole. At a depth of 10 feet below ground surface, a benton
ite seal was placed around t?e pipe and a local soil backfill placed 
above the bentonite seal up to ground surface in the annular 
space between the pipe and side of the test hole. During drilling 
of each of these p i e z om e t e r holes, soil samples were recover
ed at each change in strata for purposes of visual classification 
of the soils. Also, soil smaples were kept stored in air-tight 
glass containers for laboratory testing of two samples from each 
hole. 

Fourteen of the test holes were drilled dry, with a continuous 
flight auger powered by a truck-mounted coring rig. Two were drilled 
with a rotary coring rig known as an Ingersoll-Rand T-4. This rig 
utilizes compressed air with injected water as the drilling medium. 
None of the peizometer holes encountered any natural groundwater 
table nor did they encounter any perched water table. At the time 
of drilling, two holes were filled with water at the end of the 



.. 
drilling and pipe installation sequence as a result of method of 
hole advance using compressed air with injected water. 

A monitoring well was drilled in the southeast corner of the 4lt 
tract the lowest surface grade within the tract. Drilling for the 
deep monitoring well encountered a thin layer of topsoil at the sur-
face and entered glacial till deposits. The overwhelming thickness 
of the tills drilled were clayey, either all fine materials or sand 
and/or gravels with clay binder. Isolated sand and/or gravel strata 
were found. This stratification is typical of glacial tills and 
extended to a depth of 168 feet at which limestone bedrock was en-_ 
countered. The bedrock was penetrated for a depth of 6 feet with 
the roller cone bit used on the drill rig, to verify absence of 
voids in the surface of the bedrock. No voids were located. 

The initial test hole drilled in August 1976 was drilled 129 
feet or at least 10 feet below the elevation of the gravel pocket 
encountered in the monitoring well; however, no gravel or water 
was encountered. The gravel layer is not continuous. Three test 
holes were drilled in March 1980. Th~se test borings were drilled 
dry with a 6-inch continuous flight auger powered by ·a truck-mounted 
core rig. The test holes were advanced to a total depth of 67 feet. 4lt 
Split-spoon or Shelby tube samples were taken every 5 feet. No water 
was encountered. 

The soils information was obtained through extensive drilling 
and sampling. The tests confirm this site has a very dense, per
consolidated, impermeable, low plastic clay. (See Tables 1 and 2 
for summary of soil tests.) 

Samples from ea.ch hole were analyzed for their gradational char
acteristics and Atterberg Limits. Gradation was determined by hydro
meter and sieving as outlined in ASTM D-422. Atterberg Limits were 
determined on that sample finer than No.40 fraction in accordance with 
ASTM D-423 and ASTM D-424. The percentage clay fraction on these samples 
together with .the hydrometer analysis indicates these soils have clay 
sizes (minus . 002mm) ranging from 18% to 42% and plasticity indices of 7 to 41 

The grain size distribution covers of samples from the 16 

piezometer holes and monitoring well have remarkably similar grada-
tion curves. If overlaid or plotted on one sheet of paper, they 4lt 
would fall within a very narrow band. This indicates the uniformity 
laterally across the site which on an aggregate basis is expected 
in a glacial till. Another important factor shown from these curves 
is the well-graded nature of the material with a continuous character-

I 
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istic curve from the larger sizes down to the clay size fractions 
and smaller. This smooth, well-graded shape allows extremely dense 

· packing without unusual difficulty which, in turn, can create a tight 
soil of low permeability without the need for the presence of large 
quantities of platelet-shaped particles (clay) to create low perme-
ability. 

It has been noted during tabulation of the percentage smaller 
than 2 microns that more clay size particles are evident in the deeper 
samples. This is fortuitious and assures greater resistance to water 
flow through the soil strata at the bottom of the disposal cells .. 

Permeabilities were calculated from consolidation tests of 
undisturbed samples. This deductive method of permeability deter
mination had to be used due to the impossibility of using permeameter 
time-flow measurement. Results of these tests are listed in Table 3. 

The soil tests confirm that the glacial tills are dense and 
impermeable. The glacial till that fills this deep V-shaped rock 
valley has favorable characteristics for minimizing any potential 
contamination of the ground or surface water in this area. 

The magnitudes of the cation exchange of the 9 s'amples from 
various locations shown in Table 1 are low. These low magnitudes 
suggest rather stable (volumetrically) clay minerals such as 
kaolinites, chlorites and illites. The size of. a clay particle 
can and will change with cations absorbed and availability of polar 
liquids. Low ca~ion exchange indicates low potential change in 
clay particle size which in turn indicates the permeability of the 
soil zone from which the sample was taken will not be adversely af
fected (increased) by possible changes in dissolved salts. 

iii. Hydrogeologic Information 
1. An examination of the records of the wells drilled into 

the St. Peter Sandstone (the only substantial aquifer under the site) 
indicates the top of the St. Peters varies from elevation 439 to 462 
at depths of 325 to 385 feet. Water elevations at the time of drilling 
and development were 654 to 686. 

2. Insufficient data are available for development of mean
ingful water table contours. 

3. Groundwater movement is to the east. The undoubtedly low 
rates of flow through the St. Peter Sandstone are not available. 

4. The St. Peter Sandstone is a major source of groundwater 
through this whole area. It is of the Ordovician system of the 
Paleozoic Era; the Champlanian Series. In this area, it underlays 
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Mississippian Limestones and a surface thickness of at least 100 
feet of dense, impermeable, unstratified, glacial tills.- The 
area of the BHS, Inc. and its surroundings is not a recharge area. 

5. Table 4 gives the analyses of water samples taken in 
April and June 1977 from: (1) "M", the monitoring well in the south
eastern corner of the site; (2) "E", the open stream near southwest 

corner of the BHS, Inc. property; (3) "I", the "Old Well"; and 
(4) "Z", the Zykan residence well. 

The April 11, 1977, samples for wells "0", "E" and "Z" all meet 
the Drinking Water Standards except for somewhat high phenol contents. 
Water from the monitoring well "M" exceeds the allowable drinking 
water standard for arsenic, barium, chromium, iron, lead, phenol, 
sulphate. 

The June 16, 1977, samples were obtained from "M", "0" and "E". 
The iron content is above drinking water standards in all three wells, 
significantly high in "M" and "O". Phenols remain somewhat above 
the drinking water desirables. In all three wells ~he sulphates are 

h~. e 
6. This site is in an area of Missouri glacial tills having 

thicknesses of at least 100 feet in depth with limestone bedrock 
below the till. Records indicate some areas nave formations of 
Mississippian and others of the Ordovician System as shallowest 
bedrock. Characteristic of glacial tillare denseness and imper
meability when unstratified. 

The current and projected regimen of surface water resources 
in the area is wet weather streams running from valley heads. No 
development of a connection between water which may seep into the 
landfill and natural groundwater is foreseen. The tills are ef
fectively impermeable due to good gradational characteristics and 
high densities. Transmissibility is very low because of the 
thickness of the till and its relative impermeability which pre
clude contamination of groundwater used for domestic supplies pumped 
from the bedrock below the glacial tills. 

The 150 acre property of BHS, Inc. is at the upper end of a 
watershed which starts about 2 l/2 miles southwest of Wright City 
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in Warren County, Missouri, and drains southwestwardly to Charette 
Creek which discharges into the Missouri River about 5 miles upstream 
of Washington, Missouri. 

No precipitation record is available for Wright City but the 
National Weather Service reports the following an~ual· average 
rainfalls in inches for the following stations: 

Troy (11.5 miles north of Wright City) 37.51 
Warrenton (7.0 miles west of Wright City) 37.15 
Washington (19.0 miles south of Wright City) 36.02 
Plate 1, "Gauging Stations, Average Annual Runoff, Soil 

Infiltration Values and Areas of Anomalous Runoff in Missouri," 
1973, from Water Resources Report 28, "Flood-Volume Design Data 
for Missouri Streams" by John Skelton, U.S. Goelogical Survey, 
prepared in cooperation with Missouri Geological Survey and Water 
Resources (1974) indicates the average runoff at the location of 
the property of BHS, Inc. is 9.6 inches; and the average soil 
infiltration value is 2.6 inches. This map also shqws the average 
soil infiltration increasing to 3.5 inches south of the BHS, Inc. 
property. 

Average annual lake evaporation at St. Louis for the 50-year 
record 1911-1962 was 35.21 inches ("Lake Evaporation in Illinois" 
by W. J. Roberts and John B. Stall; Illinois State Water Survey 
Report in Investigation 57, Urbana, 1967.) Columbia, Missour~ for 
the period 1891-1940 with a mean annual percipitation of 38.09 
inches had 40.69 inches of mean annual evaporation ("Evaporation 
From Lakes and Reservoirs: A Study Based on 50-Years' Weather 
Bureau Records," directed by Adolph F. Meyer; Minnesota Resources 
Commission, St. Paul, Minnesota; June 1942.) This same reference 
for the same 50 years 1891-1942 shows that St. Louis with a then 
mean annual precipitation of 36.57 inches had a 40.99 inches mean 
annual evaporation. 

Evapotranspiration is substantially equivalent to total evapor
ation which "is the sum of water lost from a given land area during 
any specific time by transpiration from vegetation and building of 
plant tissue; by evaporation from water surfaces, moist soil and 
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snow; and by interception. The term is applied primarily to 
stream drainag_e basins for the period of the annual climatic 
cycle or subdivision of that period. Total evaporation is 
essentially precipitation upon the drainage basin minus runoff, 
corrected for change in storage volume within the basin and for 
subsurface leakage" (from Lee, C.H.; "Transpiration and Total Evap
oration," Chap. 8 in O.E. Meinzer (ed): "Hydrology," Vol. IX of 
"Physics of the Earth," McGraw-Hill Co., Inc., New York, 1942.) 

Using an average annual rainfall of 37.3 inches and an average 
annual runoff of 9.6 inches the total evaporation at the property 
of BHS, Inc. is 27.7 inches. The portion of this that is strictly 
"transpiration" depends upon the types of vegetation on the water
shed; trees can use 10 to 40 inches annually; tall grasses 20 to 
30 inches; crops 12 to 48 inches annually. 

There are 333 acres of upper watershed that drain surface 
runoff onto BHS, Inc. property. Adding to this the 150 acre within 
BHS, Inc. property, the surface runoff from 483 acres leaves the 
property. 

The tight impermeable soils of the BHS, Inc. site are deep 
enough to preclude any "in and out" underflow. The limited informa
tion about the principal aquifer under the site, the St. Peter 
Sandstone, shows the top of the aquifer falling toward the east and 
north. Wells 23214, 26843 and 26966 indicate top of the St. Peter 
at elevations 448, 462 and 441, respectively (23214 is about half
mile northwest of BHS, Inc.; 26843 is about a mile west and 26966 
about a mile east of BHS, Inc.). Well 27016 with top of St. Peter 
at 439 ia about one-half mile southwest of the BHS, Inc. site. 

The impact of the operations of BHS, Inc. site on the existing 
water balance as to quantities is not significant. Surface and 
groundwater quality as they may be affected by the BHS, Inc. opera
tion should be unchanged under the procedures and monitoring pre
cautions governing the operation. 

The existing and proposed slopes of the site are of the order 
of 3% to 10% and consequently, surface runoff is and will be relatively 
rapid with poor detention of surface flows in the many small depres- ~. 
sions which exist on all natural or man-made surfaces. The rapid 
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surface runoff together with the lesser depression storage results 
in smaller amounts of infiltration than would occur in flatter ter
rain. 

C. Site Operations 
BHS, Inc. may be considered typical of hazardous waste land

fills insofar as the character of the wastes it accepts is concerned. 
The following list of acc~pted wastes excerpted from the daily log 
is representative. 

Mobay-Elemental Sulfur Sludge 
Ashland Chemical - Alkyd Resins 
Monsanto - Arsenic Trisulfide 
Western Environmental - Orthochlorophenol 
Rohm & Haas - Kelthane Pesticide 
PCB Sludge (Concentration below.EPA approval threshold) 
Petrolite- Acylated Polymers. 

An excellent manifest system has been in operation since 1977. 
BHS, Inc. is actively seeking more wastes and expects to be in 
business at this site for another twenty to twenty~five years. 

The facility disposes of both bulk and drums, dry residues and 
sludge. Sludge must be at least 25% solids. A sludge evaporation 
pad is not utilized. Bulk liquids are not accepted. BHS, Inc. 
requires that generators warrant their waste composition. For 
drummed wastes, three drums per load are inspected. A chemical 
screening test is employeed for bulk and drummed waste verification 
which utilizes the following parameters: 

Visual Inspection 
% Volitals @ lOOC & 600C 
pH 
Specific Gravity 

As far as incoming volume is concerned, HBS, Inc. may be con
sidered a relatively small operation. Their volume history is 
shown below. 

1978 - 16,000 Drums 
1979 - 20,000 Drums; 6,200 cu. yds. Bulk 
1980 (Feb. - Sept.) - 11,000 Drums; 8,000 cu. yds. Bulk 

Present tipping fees are $21 per drum and $37.10/yd for bulk mat
erials. Both of these fees are quite low by national standards. 
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A waste quantity report is submitted to the state monthly. 
Waste disposition is currently taking place entirely within 

a 12-acre area surrounded by a chain lin~ three-strand barbed 
wire fence. An electrically controlled gate is utilized which is 
open only during entrance or exit of vehicles. A watchman for 
after-hours security is no~ employed, nor has a scale been installed. 
An adequate employee shed has been constructed with hot water showers. 

Water for this shower is obtained from one of the monitorlng wells 
on-site. 

BHS, Inc. utilizes the trench metho·J for disposal. Drums are 
surrounded by limestone screenings or a.~ricultural lime. Initially, 
a drilled cell method was tried in which holes 3-feet in diameter 
and 27-feet deep were drilled and filled with drums. This approach 
has since beeu aban~oned. 

Trenches are excavated and kept open for three different types 
of wastes; organic, alkaline and acidic. Tre.nches are about 30-feet 
deep leaving at least 65-feet of till underneath. ~ bio-farm is net 
e:nployed. In the past, leachate collection was not attempted but e 
a first trench taking this approach has just been constructed. If 
any leachate is produced, which is unlikely because of the 2-feet 
of effectively impermeable till placed over the underdrain system~ 
it will be pumped to evaporation ponds on-site. Four concrete eva
poration ponds for leachate and contaminated runoff have been 
proposed in the permit application. These will feature removable 
fiberglass covers. Two unlined lagoons are presently in use. Run-
off is not now contained and erosion is a minor problem. An 
NPDES permit has not been obtained, although an application is 
said to be in process. 

Materials handling at the site is good. An excellent safety 
data sheet is prepared for the site foreman and truck drivers in 
case a spill should occur. A concrete truck washing pad has been 
constructed so truck exteriors can be easily cleaned of hazardous 
materials. The road leading to the pad is ditched to the lagoons. 

The site hydrologic monitoring system consists of 16 piezometer 
wells, and two conventional wells. One more conventional well is 
planned. Samples are taken every quarter and nine parameters are 
tested. In one quarter out of four, sixty-six (66) parameters are 
run. Table 5 presents these parameters. 



Equipment at the site is standard. It includes; a backhoe, 
loader and medium dozer (D6) with sheepsfoot roller. A higlift 
with removable bucket is on order. 

Intermediate and final cover plans are adequate. Each trench 

is filled to within two feet of the top. This ·is. filled and com
pacted over this. A two foot minimum layer is then spread over 
the area by scraper adding further protection. One foot of top soil 
is then placed over this and planted with soil holder; usually grass. 
This provides a bare minumum of seven feet of cover over buried · 
waste. In some instances where the grade is more severe, the cov-
er can be as much. as ten to twelve feet above the waste. Each 

trench is filled, 2 feet of the effectively impermeable till is 
used as cover material. A further 2 feet of cover will be olaced 
over the site at closure with a maximum slope of 10%. Each 

trench is provided with a coordinating system, both vertically 
and horizontally, should deposited wastes need to be located in 
the future. 

A closure trust fund has been provided with an initial 
deposit of $15,000. As more land is utilized, $3,300 per acre 
will be added to the fund. A post-closure fund has also been 

. I 

established in the amount of $2.50 oer drum and $3.75 per cu. yd. 
These figures are based on estimates developed by Mr. Gill. They 
have not as yet been approved bv the Missouri DNR or the EPA. The 
DNR should be the ultimate regulating agency as they are near 
primacy. 

No significant pollution incidents have yet occurred at 
Bob's Home Service, Inc. hazardous waste landfill. All previous 
Missouri DNR Surveillance Reoorts were insnected. The site was 
closed momentarily by an overzealous DNR official reacting to an 
inaccurate report by a private citizen, but the event was of no 
significance. 

Some discussion is warranted regarding the Innsbrook vacation 
home community. The community is represented by the Lake Lucerne 
Homeowners Association. This organization brought suit against 
BHS, Inc. durinr. the early stages of the landfill's development. 
A countersuit was lodged by BHS, Inc. which was eventually with-

1 ~ 



drawn when the initial suit was drooned because of lack of sub-
stance. Nevertheless, a $40,000 bond has been provided by BHS, Inc. 4lt 
to protect the lake. 

A further noteworthy point concerns the former association 
between BHS, Inc. and Chem-Dyne of Hamilton, Ohio. Chem-Dyne and 
BHS, Inc. engaged in a joint venture for a period of one year in 
which Chem-Dyne contributed marketing efforts but were disposed 
of by BHS, Inc. All wastes furnished by Chem-Dyne were first a~
proved by the Missouri DNR before acceptance by BHS, Inc. Because 
of the excellent hydrogeologv at the site, limited time of associ
ation between Chem-Dyne and BHS, Inc., and specific state approval 
for each waste, the Chem-Dyne connection should not be of concern. 

5. SURVEY CONTACTS 
The survey was performed by Dr. Robert H. Smith, P.E. as a 

consultant to ERAS. Dr. Smith visited HBS, Inc. on October 7, 1980. 
The site operation was discussed with Mr. Michael Gill, facility 
manager who conducted Dr. Smith on a thorough inspe~tion. 

Mr. Denis Degner, of the EPA Region 7 (Kansas City)Notifica
tion Section was contacted regarding current compliance of BHS, Inc. 
with RCRA notification regulations. BHS, Inc. has notified and is 
in compliance. 

Mr. Kevin Brown, regional inspector for the DNR in St. Louis 
was contacted for his opinion. Mr. Brown expressed satisfaction 
regarding the site, noting its thick strata of effectively imper
meable clay and the many monitoring wells surrounding the facility. 



FIGURE I Wright City Area 
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TABLE 1 

e .. Plasticity and Cation Exchange of Fine Soils 

lest Soil Air-Dried 0\•en~Dried 

Hole DeEth LL PL Class .P.!i l-foisture me/lOOgms me/100,&!5 

23+00 35' 32 18 CL 7.8 1.5 13.5 13.7 
0+20 

23+00 SO' 27 18 CL 8.0 0.6 9.0 9.1 
0+20 

23+00 65' 26 16 CL 8.0 o.s 7.9 7.9 
0+20 

21+45 35' 25 13 CL 8.0 0.7 8.9 9.0 
N+70 

21+45 50' 24 15 CL 8.1 0.5 8.4 8.4 
N+70 

21+45 65' 25 17 CL 8.1 0.6 7.4 7.4 
N+70 

20+20 45' 41 21 CL 7.6 0.8 10.9 11.0 
N+80 

20+20 50' 30 18 CL 7.9 0.7 9.8 9.9 
N+80 

20+20 65' 23 15 CL 7.9 o.s 7.7 7.7 

e N+80 

TABLE 2 
Shelby Tube Samples 

Test Density Meisture Content 
Hole Depth lbs/cu.ft. Percent 

23+00 35-37' 119.9 14.8 
0+20 

23+00 45-47' 113.6 18.6 
0+20 

23+00 55-57' 120.0 15.6 
0+20 

21+45 35-37' 118.4 16.2 
N+70 

21+45 55-57' 121.5 15.9 
N+70 

20+20 35-37 t 117.2 16.1 
N+80 

20+20 45-47' 101.8 24.9 
N+80 e 

'---REITZ &. .JENB, INC •. --------------------------
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TABLE 3 - PERMEABILITY 

Test 
Hole Depth Permeabi1iti em/sec. 

21+45 55-57' 5.4 :X 10 -9 
N+70 

21+45 55-57' 7.7 X 10-9 
N+70 

20+20 45-47' 20.0 X 10 -9 

N+80 

29+10 65-67' . -9 10.0 X 10 
1+80 

29+10 65-67' 5.8 X 10 -9 

1+80 

29+10 65-67' 2.6 :X 10-9 

1+80 

16+35 35-37' -9 
" 5.6 X 10 . .. 

E+55 . . . .... . ... - .. 
-9 . .:~· :. 

10+65 45-47' 13.0 ~ 10 
Q+10 

10+65 45-47' 5.0 X 10 -9 

Q+70 

'"--REITZ 6. ..lENS, INC.-------------------------...1 



MID-MISSOURI TESTING LABORATORY 
01TlRWIH4TIOHS ~AOl I~ ACCOAOAHCE WITH AWWA - WPCI - A'UA STANDARD MUitOOS 

f,OI NICHOLS COLUMOIA. MO OSlO I 214/44l42l7 

Date: July·9, 1980 

Client: Rl.!itz & Jl•ns (Bu.b's llomc Servin~) 

Date Received: July 12, 191-Hl 

Sample Collcct~d By: Niu-tlh:wurl Tc·sl iu!~ 1 .. 1l"'r;1l"r)' 

SAMPlE ~"' 

Parameter Well \-1<' 1 L Wr.ll Well Well \.Jell 
' Date 

Analyzed 
1/3 1/5 //6 1/7 J/8 /19 

. 
oil 7.2 6.7 6.7 6.8 6.6 6.6 6/12 

Rl'dox Potl'lHinl (millivolts) 409 409 414 404 389 384 7/3 

Sot•c-Jfic Conductivitv (IJmhos) 2200 1300 14.50 1150 1900 1700 6/18 

TOC ( IIIJ.!/ L) * 13. 1 32.4 20.9 16.1 22.5 6/24 

COD (mf!it) 36 16 14 18 <4 10 6/18 .. _,..,, .. 
Total Hardnt>ss (m~/1 CaC03) 2020 1088 1176 931 2010 784 7/2 

Chlorid~ (mg/l) ... 25.0 13.5 12.0 20.5 l3. c; 7 .o 6/18 

Total I ron (mg/1) 2.20 3.20 1.80 1 ,.oo ~.02 7.40 7/3 

\ 

BODs (mg/L) * 2 1 2 1 2 6/12 

Suspendl'd Solids ( m/Rl) * 184 81 202 277 ens 7/1 

TUS (mg/l) -f; 1682 1746 1304 28"l 1 2'•37 .. 7/1 

TurbidiLv (TU) CJH 29 22 86 11, 180 7/1 . -
ExlracLal>h! Oi 1 ( mg/1) -!· 7 •) 

·~ 
,, .(l lt.H :!.H I :x b/:!.4 

Fecal Coliform. (#100 ml) * ~I <I <J .:.:.J I<J 6/12 '-. r 

Alkalinity <~~/1) C;tC0-1 3 ')(, "JR9 '•07 '•06 !tJ2 l «J r, 6/'1A 
---

l'lu·md ( 1111' /1 ) <.IIIII . • (10 I · .. oo I <.001 :: .0111 .• oo I 7/7 
··~. - ---- ------ ·-

t:un.r: •• •uts: 1. ~llll';lll:· 1.•:;:; Lhau tll' o'CJII.d lu rlw lnwc•r "''"'''''"' limll!i ot ;aual)'ttca~ 
equlpmt•nL. 

2. All mcLal s arc "tote1l" c'Gn<.:L'Ill r.1l i nus. 

~·· Qu.:wtity ol s.1mplc insullidcnl to pe-rform test. 

Approved 

. .. ..... ·~; . . . ~ 

I 

' I 

' 
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MlD·MlSSOURl TESTING LABORATORY 
... 

• -
OlllftWIHATIOtli .• Y.AOl lit ,t.tCOI\OAACI \VIIU AWWA- WPf.f • Al'lfA SIANOARO .. Utt005 

~ HICHO\.S COI.UMQIA, MO 0~201 314/442.0237 e .. 
Date: .July 9, 1980 

.;_:: 

Client: RC'itz & Jcns (Bob's llomc S(• 1· vi n•) .~. ,;: :2i/~;;· 
Data Re~cived: • Jun<' 12. Jl}80 · ~'···tr~r·· .1':: ''. • .... 

.>-;~ if -L:·. · 

Mid-Missouri 1'c st jIll~ l.:ahor:ltory 
.• , . ·;.:,11--' 

Sample Collected By: ·. :-~·::~~r- . ; .. 
... . 

.· S}\HPLE 
, . 
. . Date . . . . . 

Par.,rneter Well Wt~ ll Well Analyzed ' 

115 #6 1/7 . 
. 

IP·P'-OOE <10 <10 <10 718 

lo,p'-001' <50 <50 < 'iO 718 

[p • p '-DUO <50 < ')0 <so 7/P. . 
IP ,p '-DOT <50 <50 <so 7/8 

Endrin < 28 < 28 < 28 7/8 

IJcptachlor <4~0 
. . 

<4.0 < 4 .n 7/8 

, llcptac h lor t::poxic.le < 7 .o < 7 .o < 7 .o 7/8 

l.i ndane .. < 4.0 < 4.0 <:. .(} 7/8 

Mt>thoxychlor < J 20 < J 20 < 120 7/8 . 
1'oxaphenc < 300 I< Joo < ]00 ~/8 

PCB < 2'•0 I< 240 < 21•0 7/8 

Aroclor 1242 < 240 I< 24o < 240 7/8 

Aroclor 1016 < 240 I< 24o I< 240 7/8 

Aroclor 1254 I< 240 r- 240 < 240 7/8 

Aroclor 1~60 < 240 ~ 240 < 240 . 7/8 

UCB : '• .o : '• .o '• • (l 
7/'8 

Mj rt.'X ~ ]2 1:' ·n 7/8 

C.: vnunc n t s : 1. Results .Jl' e expressed <IS nanog r :uns I li l' cr. 
2. < rnco.ns low~r than thl' lowest dC'tC'ction llmi t of analytiC<Il equipment. . 3. Pesticide, ~.:hlorinatt>d i·.y4Jrocil rlH>n, I'Cl\ nut~lysi:> IJy AUC L.1bora tories, Inc:. 

Columbin, Missouri. /lA tfo - ,DIDf,..U. ..:».oo•l ~~ = .. 
_, e ' ::. lo 

\ 

AJ'!HOVCO j,,~ ..... bJ t) IJfl,yJJL I I d 
. I . 



., .. :/' . 
. , ... •·. 

MlD·MlSSOURI · TESTING LABORATORY 
OlllRWINATIONS,~AOl IN ACCOAOAHCf WITH AWWA - WrCf • ArUA STANDARD .. lTHOOS 

100 NICHOLS CO\.VMOIA, MO 0&201 ~14/442.02~7 

Date: July ·9, 1980 

Client: Reitz & Jl!OS (Bob's lloml' Service) 
·, 

Date Received: June 12, 1980 

Sample Collected By: Hi d-tJi ssou r i 'I' est i "It L:Jhorn tory 

,• SAMPLE J 

, . 
. .. . ~Date .. I • 

.. ParAmeter w,•ll We•ll \le 11 Analyzed 
//5 /lh 1/7 

. 
BHC <4.0 <4.0 <4.0 7/8 

a BIIC <4 .o <4 .o <4 ,() 7/8 

6 DlfC <4.0 <4 .o "• .o 7/8 

Y BHC <4 .o c:..,, .o <4.0 7/8 

0 DIIC <4.0 <4 ,(} <4 .o 7/8 

Chlordane <9 .() <9'.0 <9.0 7/8 

lleptachlor .. <4.0 '4 .ll '4.0 1i8 

Jleptach.lor Epoxide <7,() <7,0 <7 .0 ' 7/8 

(I Chlo~dane <9.0 <9,0 <9.0 7/8 

~ Chlordilnc <9.0 '9 .o <t) .o 7/8 

Tech Chlordane <23 <23 <23 7/8 

Dieldrin + Aldrin <10 <to <JO . 7/8 

Aldrin <5.0 <s.o <5.0 7/8 

Dieldrin <10 <to <w 7/8 

DDT + Metabolites <50 '.50 <so 7/8 

o,p'-DDE <J() <]0 <w 7/8 
l 

Conuacnts: 1. Results 11rc (:Xprcss(.>d ."'s n:mogramsilit<•r. 
2. <means low<•r than the low<•st detection limit of ;w<llyticnl equipment. 
3. Pestic iue, chlorinated hpW"oc01rhon, JlCU ana lysfs !Jy ABC LaboriltOries • Inc • 

Columbia, Missouri. 

Approved 

•I 

. /.J-' ~ i,..... r 1Yfi![L
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: -;~ . MID-MISSOURI TESTING LABORATORY . 
OITII\a.IIHATIOHS .~AOl ,,. ACCOADAHCI WITH AWWA - wrcr •. APIIA STAN04RO "(TitOOS 

.00 .. ICHOLS COLUMBIA, MO G~JOI )14/442-(17~1· 

.. Dato: July'<}, 1480 ·e 
Client: Reitz & Jcu!> (Uub's llomt! St•rvic:t..') ·• 

... 
Date Received: .hill\' 12 1 l 1lli0 

Sample Collected By: Nid-Hi~;suurl Tt; sl i IIJ~ l.;~horatury 

S~MPLE . 
· Date 

Parameter WC"ll Wt• 11 Wt•ll W('ll \-.1(.•11 \-It• 11 Analyzed 
/13 05 #6 117 /i8 /19 

N f t rate ( m~ I 1 N ) 
. 

3.2 0.3 0.6 0.3 0.2 0.4 7/2 

Su lC at r { m~ I l) 2200 650 700 550 1225 1200 7/3 

Fluoridt• (mgll) <o.2 l~o.2 ~.2 l~o.2 <o.2 1~0.2 7/8 
. 

ICyanidP (msdl) 1~.002 <.oo2 ,~.002 1~.002 * <.oo2 7/9 

~Arsenic (mr,/1) 0.177 1~.014 <.ot4 ,~.014 . <.ol4 · 1~-014 7/3 

I Ua r i um ( mg I l ) ~0.1 l_y,: I <o .J l~o.t <o.t ~0.1 6~ 
Cadmium (mr./1) " ~0.01 l~o.ot ~O.(ll 1~0.01 . ~0.01 ~0.01 6/ 

Chromium .o (ms;/1) ~.002 ~.002 2,.(}02 1~-~02 ~.002 ~.002 7/7 

Total Ch~omium (mg/1) ~.·.02 ~O.ll2 ~0.02 1~0.02 ~0.02 ~0.02 6/20 

Copper (mr./1) ~0.01 l3_l~ • 0 I ..::.o.ot I~.OJ ::O.tH ~.01 . I··· ... :: 6/20 

Lead (mg/1) ~-1 ~-1 ~.1 ~.I. ~-1 · !So· 1 ·:N~·t ,~ •. ~6/25 

Manganese (mg/l) 0.16 lo .88 t.Q9 10.3) 0.10 tl. 12::.f ~~~iW 12 

Ml'rcury (mb/1) ~.001 .002 ~.()OJ ~.00 ~.001 ~.001 > ...•. 6/30 

Nickel (m~/1) ~.02 ~.02 ~).02 i3,o.o2 ~0.02 t:,o.o2 6/23 

Selenium (mg/l) ;'r f-.oo2 < 002 ~.002 .::.002 ~:.oo2 7/7 

S i 1 ve r ( mJ•./1 ) ~0.01 ~0.01 -:o.OI I<.J1.n 1 ~ 1.01 :.n .n 1 b/23 

Z i nt· ( 111):/ 1 .I o.o•, I. I o o.oa ) • 24 o.o 7 1•. o•1 b/2) 

Comml'nts: 1. ~ meaus less l J.;Jil or t•qu;al l(> l ht• 1 OW4' r dt•Lcclinn limits of an.1lytical 
equipment.. - •·· ... 

2. All metals nrc "total" l:~1,central ions. 

* Qu<~ntity of l'OIIIIJl ll• iII Sill ,. i (' i t'lll lt• JWrlurm test. 

e 
Approved ), I{; '1ft r f I t 1?ti1R" 

I ] . 



#2282 
TABLE, 5 - QUARTERLY TEST PARAMETERS 

MID-MISSOURI TESTING LABORATORY.~ .. 
t1l HIIMINA TICINS t.IAt;f IN ll' t <~llliAUCl WIIIC AWWA .. WI'Cf - AI'IM !> T llldlAnO Mr TIIQOS 

[,:J6 NICHOlS COlUMOIA, MO 115701 314/442-0237 

D~1l e: Seplt•mbcr 1 ~, l 'HW 

Clit'nt: Bob'~; lll>llll' Scrvi~c· 

D~tc Received: September 3, 1980 

·-r-----·J·-----
\.Jc 1 ~ ~k I 1 We 1 1 wl' ·11 \vl' 1 I 

--·---------- .. _________ _ 

113 >-11~- 1_1/b~:l~ -- --
6.8 --~-~~-{if--r~ :~: r :~: 

Pn r :u-:u~ t e r 

H ,....:... ___ ---·- ----------·------·-----
Red c x Po_!. L' 11l i a 1 M ii I i v 

$ ec:ific.: CL•llductjvitv 

ol t !; ----
••mho~ --- -

Tot a 1 J run 111 11 

Tot a 1 ArsL·ni '-= IJg/1 

·1 lll. 111~- I 1 

-----

(:'·~:~_ 

--

---

··-··-··-· 
434 -----·-
2950 

10 
1---·-

_j_4..:.Q_ 

f--2?00 
14.4 
<1.4 ---
30.8 

-f--·-t 1750 1600 1600 2550 
<4 <4 b 13 

~; •• 5 1~: ~ I 11-. o -
13.5 

-115 0 1 0 3 0 ! 11 00- 1840 ·--·· . 
I 

9.55 1.62j 1.01 3.21 --
<t4 ~4 I <~4 ...:14 

42~ _ z6:_9~43.6 14.9 
-· 

I 

I . 
I 
I 
I 

\~l' i 1 

119 

6.5 
414 

2450 
... 4 

9.5 

1.800 
4.25 

14 

2H.3 

-
Date 

Analyzed 

9/4/80 

9/4/80 

9/4/80 

9/5/80 

9/5/80 

9/4/80 
9/9/80 
9/12/80 

9/4/80 

·-·--- ------~ --·---,-- --1··---- ·---·- -- ---- ·--. 
~-:-~--: ~:.-: -~ ~~-=-I=~~F:·.-= =-:=~ -------

I I 

--------·---·-· --·--··---·.-

... -.... --- .. --- --r-· -·-t ···-·--r=- -·--. 
--····-- ·--T ---- . -- ------ -- ...... ---,----- ·- . --- ---·-··r- ----1---+---+----·-····---- -- ----j==t 

-- ----- ___ .. _L... __ ·----- --·-------------·· ... --

' I Q..r ... ·1-t.A .. 4t-· )}1 r U.fftl o...l.cJ.--. 
- .•. r. .... -··----·-·-

, 

l 



•• Teat For 
o\raenlc 

Barium 

SUD, S-day 

C.dmlum 

Cobalt 

Chro•h• 

C:OD 

Iron 

Cyanide 

Jlckel 

Lead 

Phenul 

f'luorlo!e 

pH 

SulCate 

Zlnc 

Silver 

Copper 

Mercury 

Selenium 

Tin 

TABLE 4 - WATER QUALITY BACKGROUND DATA 

t'nlt 

ppb 

ppb 

PPIII 
ppb 

ppb 

ppm 

ppb 

ppta 

ppll 

ppb 

ppb 

pH 

ppm 

ppb 

ppb 

ppb 

ppb 

ppb 

PPm 

Well "H" 
4/11/77 6/8/77 
lib. 

J120. 10/o, 

7.oa S.S,J 

(1,22 

l2b. 

70. l 7. 34 

1.9~ 

620. 
0.0110 

298. 
656. 

S.bO 

0.4bl 

7.20 

lUO. 
220. 

2.01 

461. 

2330. 

1.70 

0.292 

7.20 

1220. 

222. 

8.31 

Wt•ll "11" 
4/11/77 h/8/77 

1»2.:.' ....... , 

J,4J 1l.fo4 

2. )4 

200. 

26.1 

6.10 

0.41>9 

7.20 

1110. 

no. 

40.) 

14'10. 

27), 

4.CJCI 

o. ~'bJ 
7.00 

1120. 

1060. 

8.82 

Sa•pllna l't. "F." 
4/11/77 h/8/77 

li'J,IJ 114, 

'i.Oh 4.1'1 

29fl, 

190. 

8.25 

1. ro 
U.Sbft 

7.8f) 

6b.b 

IS.S 
41). 

1.SO 

0.1~<; 

7.00 

S3.2 

•:p,, 
llr Ink I"" 

Wt-11 "7." Wllt .. r l'lclai. 
4/11/77 In PPII 

II.U .. 

fo4, 'i I ,II 

1.1'1 

:!'i. 1 

11>0. 

l).fJ.;'(J 

i.tiO 

67 .• 7 

230. 

o.u1 

o.os 

(),;z 

o.os 

1 • .0-.'.4 

o.os 

0.002 

O.()J 

Spec. Conduct •. _ 

l11trate 

OICANO-PHOIPHAtl 
ppm 

2.20 

0.]]0 
z.os 2.14 

0.270 
343. 0,)71 . Sol. 

Thi .. c ppa 

Dla&lunon ppm 

Dlaulfoton ppm 

Hethy1 Parathion ppm 

Malathion ppm 

Parathion ppm 

Thiodan ppn 

£th1on ppm 

Tr1th1on ppm 

PESTICIDES ' PCB 

Heptachlor ppa 

Aldrin PP• 

lwpt&chlor Epox1da ppa 

DDT (total) ppa 

Dleldrtn ppm 

Tec·hnt.·al 
Chlordane 

Metho&ychlur 

Polychlorlnacad 
llphenyla 

Toxaphene 

DDE 

Endrtn 

ppm 

ppb 

PP• 
ppb 

ppm 

PPII 

<o.o2 
<o.oz 
<0.02 
<o.o:z 
< 0.02 
< 0.02 

<o.o2 
<o.o2 
<o.oz 

<o.o2 
< o.oz 
<o.o2 
< o.oz 
<o.oz 
< 0.02 

<o.o:l 

<o.o2 
<o.oz 
<o.o2 
<o.oz 
<o.o2 
<o.o2 
<o.oz 
<o.o2 
<o.oz 

<o.oz 
<o.oz 
<o.oz 
<o.oz 
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I. INTRODUCTION 

Bob's Home Service, Inc. (Bas•) is a solid waste management firm 
which operates a chemical landfill disposal facility in the Wright 

City, Missouri area. Wright City is approximately 35 miles west of 

St. Louis on Interstate 70. 

BHS is seeking to obtain Environmental Impairment Liability insur

ance ("ElL") coverage for its chemical landfill operations. As a con

dition of granting such insurance, underwriters hdve required BHS to 

retain Environmental Risk Assessment Service (USA), Ltd. ("ERAS") to 

perform a survey of the operations and to prepare a report summarizing 

the risks of environmental liability assoicated with the activities. 

ERAS had surveyed this facility in October, 1980 and submitted a final 

report of the survey observations dated December 11, 1980. The survey 

had been performed in anticipation that BHS would obtain the EIL in

surance at that time. This report is based in part upon information 

and observations contained in the previous ERAS report, and upon 
further data obtained from conversation with BHS representatives. 

The risk rating given by ERAS in this and similar reports is based 

on the following factors: 

A) The nature and quantitits of the materials 
particular the potential for damage to health 

handled, in 
(of human, 

animal, or plant life) or property if releases to the 

environment were to occur. 

B) The degree of control exercised in materials processing, 

handling, and storage. 

C) ·rhe adequacy of controls on the treatment of waste streams 

released to the environment. 

0) The amount of rndnagemcnt attention g1ven to matters of envl

ronmental concern. 

E) The location of the insured•s operations relative to possible 

damage targets. 
The evaluation is largely qualitative and is given on a verbal 

scale from very high to very low risks. 
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2. DISCLAIMER 

The material that follows is furnished pursuant to an express 

agreement that the ERAS study and report are made for the benefit of 

both DHS and the potential insurers and that ERAS is free to inform 

the potential insurers of any information relevant to the evaluation 

of the potential risk coming to its attention in the course of the 

survey or preparation for it. It is further understood and agreed 
that ERAS accepts no 1 iabil i ty to the potential insured, insure'"·s, 

reinsurers, or others for any losses sustained by BHS as a result of 

any denial of any insurance based on the survey or report. 

Factual information has been obtained from BUS's personnel and has 
been assumed to be correct and complete by ERAS. A draft of this 
report has been reviewed by BUS. 
3. RISK ASSESSMENT 

The manufacture/operation of hazardous waste landfills, taken as a 
composite class, represents a risk of environmental impairment that is 
much greater (i.e. much more hazat:dous) than averc3:ge, compared with 
all other commercial and industrial activities. Within this class ot 
activities, BUS's operations represent a risk of environmental impair

ment that is below (that is less hazardous) then average compared with 

other similar operations. 

Factors which affected this favorable risk rating are as follows: 
A) The nature of the site's hydrogeology and its remote 

location: 

B) the high level of environmental mana·~ement and state-of-the

art technologies displayed by BHS; 

C) site improvements being implemented in order to achieve 

authorization of BUS's new operating permit, and; 
D) BHS is the transporter for 90 percent of the waste it 

landfills. 

BUS was required by the State of Missouri to accept flood debris from 
Times Beach, MO, a town in which some areas are highly contaminated 

with dioxin. The flood debris itself is non-hazardous according to 
test results. Regardless, county residents, after losing an injunc
tion to halt the disposal of Times Beach debris at BUS, are now seek
ing to withdraw BUS' operating permit. The risk of environmental 
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impairment or personal injury resulting from the disposal of these 

wastes appears low. However, the extent of negative publicity could 

result in ElL claims. For this reason, ERAS expresses a high degree 

of concern about the possibility of claims resulting from BUS' accep

tance and disposal of the Times Beach, l-10 flood d'ebris. 

4. OPERATIONS 

BHS lies in a basically rural area in Hickory Grove, Missouri. A 

part-time vacation home community with a man-made lake lies about 1/2 

mile southwest of the site: four to five residences are located on the 

access road west of the site. Two small streams exist on site. As 

discussed in greater detail in the previous summary report, the site 

is located over a very dense, impermeable (permeability = 2-20 x 10-9 

em/sec) clay. Th~ clay layer is in excess of 100 feet at this site. 

The St. Peter's aquifer, which is the only one of substantial size in 

the area, is encountered at depths of greater than 300 feet. BitS 

obtains water from this aquifer at a depth of 400 feet as do two other 

local residents. Other houses dt.·aw water from a ~epth of 250-300 

feet. e 
Laverne Zykan owns the land and is the principle stockholder in 

BHS. The site occupies 158 acres on which 15 are permitted to receive 

hazardous wastes. Its EPA identification code is MAD068521228. As 

the 15 acres reach capacity, plant management 

operations to utilize the rema~n1ng acreages 

Three unlined lagoons exist on-site. 

hopes to expand its 

for waste disposal. 

Mr. Michael Gill, BHS' facility manager, is responsible for envi-

ronmental affairs. BHS has established a closure and post-closure 

trust fund for the site. The fund contains $230,000 dollars. 

BHS is the only permitted hazardous waste landfill in Missouri. 

It accepts drummed and bulk dry residues and sludges. The sludges 

must be greater than 25 percent sol ids, and contain less than 5 

percent organic liquids. No radioactive, bulk liquids, PCB (greater 

than 50 ppm), ignitable, reactive, or volatile wastes are accepted. 

As a prerequisite of accepting the waste, BHS requires the waste 
generator to provide a one-ti1ne description of the waste stream. 

Information such as percent organic matter, pesticide analysis, and 

health-related data is required. The waste generator gives BHS a 
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copy of the registration filed with the State of Missouri; liHS also 

receives a permit to accept the waste from the state for every custom

er's individual waste stream. 

Ninety percent of the waste disposed of at BHS is hauled by BHS 

employees. The remaining wastes are generally spill clean-up mater

ials which are hauled by other contractors. BHS performs some 

standard analyses at the site (pH, percent volatiles) and visually 

inspects the waste. BHS' trucks are tractor trailer and roll-on box 

types. No tank trucks are used. 

As indicated earlier, 15 acres of the site are permitted for 

hazardous and industrial waste disposed. About 1 to 2 acres remain 

unused, the estimated time to fill this remaining acreage is 2 years. 

BHS' s trench system has been re-designed since the last survey in 

which it was observed that three trE::nches were excavated and kept open 

for receipt of organic, acidic and basic wastes respectively. Pres

ently, a progressive trench system is used. Corrosive wastes arE:: kept 

separated in the trench by cells constructed with ~ minimum of one 

foot of clay on the top and bottom, and three feet on the sides. The 

trenches are 37 feet deep at one end and 4 7 feet at the other 1 a 

gravel blanket drain and a 3 percent slope at the trench bottom 

facilitates collection of leachate. The leachate is pumped to an 

unlined holding lagoon. While not physically hazardous as determined 

by testing, the leachate, by regulatory definition must be handled as 

a hazardous waste. The leachate quality is periodically tested, BHS 

is required to submit data on leachate volumes collected and quality. 

Sawdust is mixed with the leachate from the lagoon and placed into the 

facility solid waste trenches. In 1980 about 50,000 gallons of 

leachate were collected. 

BHS was issued a new operating/construction permit on December 22, 

1982 (the State of Missouri 1122282-001). Before BHS is authorized to 

operate under the new permit, it must complete a number of site 

improvements which it and the state agreed upon during the permit 

negotiations. During this period, BHS is operating under a variance 

granted by the State. 

Among the items requested were improvements to the on-site surface 

impoundments, and installation of additional ground water monitoring 
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systems. With regard to monitoring, the previous ERAS report 
indicated that the monitoring system consisted of 16 piezometers and 
two conventional wells. In the proposed system, the piezometers will 
be eliminated. Groundwater monitoring will be accomplished by use of 
four 125-175 foot deep wells drilled to a sand seam. Surface water 
monitoring will occur at five locations including Lake Lucerne, a man 
made impoundment associated with a nearby v11cation community. The 
firm currently samples groundwater quality parameters (chloride, iron, 
Mn, phenols, Na, and so4 ) annually and groundwater contamination 
parameters (pH, specific condustance, TOC, and total organic halogen) 
semi-annually. 'l'h is frequency is in accordance with the RCRA 
regulations. BHS submitted its data for March, May, September, and 
December of 1982. The data appears consistent: levels for dissolved 
heavy metals in the piezometer wells are very '!ow, generally less than 
10 ppb. Individual pesticides and PCB concentrations were below 
detection limits, the highest of which was 15 ppb. BHS is completing 
sand filled monitoring trenches on the complete east side of the 
facility and on half of the south side. These trenches will be dug 2 4lt · 
feet deeper than the deepest point in the disposal trenches, and will 
be 30 inches wide. Collected groundwater wil~ flow to a sump from 
where it will be pumped to the surface for testing and tht::n to the 

leachate holding surface impoundment. 
BUS keeps records of three-dimensional coordinates of waste place

ment within the disposal trenches. It uses an infrared computer in 
the field to determine the location coordinates. The state receives a 
copy of the waste inventory within each disposal cell. 

Of the three on-site unlined surface impoundments, one is a 
holding lagoon for collected leachate: the leachate is mixed with 
sawdust and disposed of in the waste trenches. BUS submitted leachate 

quality monitoring data obtained in October, 1982. Nickel was present 
in the highest concentrations (0.2 ppm): all pesticide concentrations 

were below detection limits (10 ppm or less). 
One impoundment receives wash water from truck washing operations 

and precipitation runoff which may have contacted waste materials. 
The wash water is tested for hazardousness: if it is non-hazardous it 
is released to holding lagoon 13. Its contents are spray irrigated on 



site. BHS plans to handle this discharge in the future by releasing 
it to the metropolitan sewer system. BHS is not required to obtain an 
NPDES permit for current activities. 

According to Mr. John Doyle of the State of Missouri Department of 
Natural Resources, BHS' new permit requires that the leachate and 

truck wash surface impoundments be upgraded as a condition of perrni t 
authorization. The old lagoons will be drained and filled in. The 

reconstructed lagoons are required to be equipped with a leachate 

collection system and a clay liner. 

In December-January of this year, a flood in dioxin-contaminated 
Times Beach, Missouri caused the accumulation of large· quantities of 
debris. At the order of the state, this material was sent to BHS (See 
Appendix A) for disposal. The State of Missouri agreed to accept any 
liability associated with disposal of the flood debris at BHS, and 
agreed to assume all debris excavation and removal costs, should any 
occur in the future. 

As a result of the State Directive, the County of Warren and its 
citizens filed an injunction against BHS to prevent it from accepting 
the wasteJ the State intervened and became a co-defendent. The court 
required the county to post a $7 5, 000 bond to halt the disposal J the 

' 
county could not raise the money and the injunction was dropped. The 

debris analysis showed no detectable levels of dioxin. The citizens 
of the county have now filed an appeal to the court to have BHS' 
operation permit revoked. 

5. SURVEY ACTIVITIES 

Ms. Leslie Nelken of ERAS contacted Mr. Michael Gill, facility 

manager via telephone (314-745-3158) on February 9, 1983. Mr. Gill, 

who also provided input for the previous survey report, was well 

versed with the site's operations, environmental regulations, and the 
facility's current status with regard to permits and environmental 
projects. As indicated earlier, to Mr. Gill's knowledge ttiere is no 
pending or current environmental litigation facing BHS; with the 
exception of the neighbors' appeal to revoke the site • s operating 
permit. An injunct ion filed earlier has since been withdrawn (see 
Section 4). 
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Mr. John Doyle (314-751-3241) of the Missouri Department of 
Natural Resources, Waste Management Program,was contacted on February~ 
16, 1983. Mr. DOyle indicated that the State issued BHS a new 
operating permit on December 22, 1982; however, prior to authorizing 
the pennit, construction changes to the facility specified by the 
State must be completed, inspected and authorized. These changes 

include additions to the groundwater: monitoring system and upgrading 
of two on-site surface impoundments. BHS has agreed to these 
improvements and is working toward their completion. 

Mr. Doyle stated that BHS has submitted its groundwater monitoring 
data to the state in a timely manner. In two instances, arsenic and 
TOC levels in the groundwater were thought to be high; however, 
additional testing found these levels to be comparable to backgrouna 
levels. 

Mr. DO~le rated BHS as a firm in which continued improvement of 
site operations, professional management, and state-of-the-art tech
niques is evident. The firm displays a cooperative attitude with the 
regulatory agency. 4lt 
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BOB'S HOME SERVICE, INC. 

APPENDIX A 

LETTER FROM STATE OF MISSOURI ORDERING 

BHS TO ACCEPT TIMES BEACH, MO FLOOD DEBRIS 



• 

G ---
' ~: January 5, 1983 

Michael Gill 
Site Manager 
B.H.S. Inc. 
Industrial Waste Landfill 
Route 1, Box 116F 
Wright City, MO 63390 

Dear Mr. Gill: 

Thia letter is to confi~ the results of the diacussion and the agreements 
which have been reached by my Departaent with you, as herein set forth. 

Due to the flooding of Times Beach, Missouri, and the potential contam
ination caused by the 2-3-7-8 TCDD contaminated soil, a potential and 
major health hazard has arisen and the Governor by executive order 
number 82-24 has declared a state of emergency and has directed this 
Department to take appropriate action. Pursuant to the provisions of 
law due to the emergency and in accordance with the Governor's 
executive order, the Department is hereby requesting and ~irecting 
B.H.S Inc. to dispose of various flood debris from the Times Beach 
area, excluding any 2-3-7-8 TCDD contaminated soil. 

In thia reaard the State and this Department aaree to the following terms: 
' 

1. The State of Missouri and the Departaent of Natural Resources 
represent that, to the beat of their knowledae, information and 
belief, aucb flood debris and waste is non-hazardous, and not subject 
to regulation under the terms and implementing regulations of the 
Reaource COnservation and Recovery Act of 1976, the Missouri Hazardous 
Waste Management Act, as amended, and the Toxic Substances Control Act. 
The State and the Departaent further represent that to the best of 
their knowledge, information and belief, the debris to be disposed 
hereunder ta not contaminated with 2·3-7-8 TCDD to such an extent as 
to render the same a hazardous waste. 

2. That with respect to the disposal and burial of the waste provided 
for herein B.H.S Inc. shall not be required to perfora any teat as 
to the composition or the nature of the debris and shall not be 
required to maintain any aanifest with regard to the same as ordinarily 
provided under the Hazardous Waste Management Act and rules. · 

Christopher S. Bond Governor 
Fred A. Lofser Director 
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3. The State and the Department certify and represent to the beat of 
their knowledge. information and belief that the disposal of such 
debris by B.H.S. Inc. at ita hazardous waste site will not be in 
violation of any federal, state or local law. 

4. Since the flood debris and waste is not classified as hazardous 
under the provisions of the Hazardous Waste Management Act, B.H.S. Inc. 
shall not be required to collect or pay to the State the 2 percent 
disposal landfill tax provided for by Section 260.390(8), RSMo, for 
acceptina or diapoa1na of this waste. 

S. B.H.S. Inc. ia authorized to bury and dispose of such waste and 
debris in progressive fill area number S or in such other fill area 
in the site as may hereafter be approved. B.H.S. Inc. will not be 
required to aeet the daily soil requirement regulation with respect 
to this waste unless necessary to control odor or to control the 
blowlna of debris. 

6. B.H.S. Inc. shall segregate and not c~ingle or co-dispose this 
waste with any hazardous waste which may be accepted at the facility 
for a period of 6 months unless sooner authorized by the ·oepartaent. 
B.H,S. Inc. shall aaintain at all tiaea recorda as to the location of 
the 41apoaal of this waste and debris at the site and shall make those 
recorda available to the State and the Department promptly upon request. 

7. The State and the Department agree to perfo~ 'or cause to be 
perforaed without expense to B.H.S. Inc. all monitoring, testing, 
removal, abatement or other remedial action of whatever nature as 
may be directed. ordered or reasonably necessary in the event it is 
ever dete~ned by any agency or court of competent jurisdiction that 
the disposal of such waste at the site constitutes s hazard or sub
stantial threat to the health of humans or to the enviroa.ent whether 
the same arises or is baaed upon any statute or common law, including 
but not lt.ited to the Resource Conservation and Recovery Act, the 
Missouri Solid Waste Disposal Management Act, CERCLA (42 USC section 
9607) and all common law theories of nuisance and strict liability. 
This provision shall not be applicable in the event there is s final 
adjudication that B.H.S, Inc. or ita agents, officers, or employees 
were negligent, reckless or involved in intentional wrongdoing with 
respect to the receipt for disposal, and the disposal of the waste 
provided for herein and with respect to the operation of ita facility 
with regard to this waste. 
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8. If B.H.S. Inc. or any of ita agents, officers o~ employees are 
named aa a defendant or respondent in judicial or adaioiatrative 
proceedinas, instituted to hinder, prevent, or remove the disposal 
of this waste in B.H.S. Inc's site, or inatituted to challenge the 
iaauaoce of a perait to operate a hazardous waste facility by the 
Departaeot of Natural Resources, the appropriate State agents and 
officers, if the State or its aaenta or officers have not been named 
iD that suit, will request the State of Missouri to take all necessary 
steps to intervene ia the suit. As a party or as an intervener, the 
State will assume the primary lead aDd reaponaibility for the defense 
of aay such suit or suits, includin& any expenses or costa incurred 
but not iDcludina attorneys' fees. The State will do this to the 
exteat allowed by the law and Rule 4 of the rules of the Missouri 
Supr ... Court. Nothing herein shall be construed to prevent, however, 
the State or ita agencies fro. taking ~atever .action it deeas necessary 
to eaforce applicable lava or the ter.a of the pe~it in the event 
it believes that such laws or terms have been violated by I.H.S. Inc., 
ita agents, officers of employees. Further-ore, the State reserves . 
the ri&ht to seek an adjudication of ita rights and responsibilities 
under this agreeaent. Neither the State nor any of ita agencies are 
praaiaina to serve as the attorney or legal advocate for I.R.S. Inc. 
Couequently, nothina coatained in this aareeaent is intended to impose 
or create any actionable duty or cause of action for aoney daaagea 
for aealiaence or aalpractice in favor of B.H.S. Inc., ita agents, 
officers or eaployees agaiost the State's legal officers or employees 
who undertake to perfo~ the leaal duties and responsibilities provided 
for in this paragraph. 

9. In addittoo to the consideration herein provided, the Departaent 
will coapeosate B.H.S. Inc. for acceptin& and diaposina of the flood 
debris aDd waste as follows: 

(a) a llinill• charge of $45,000 which will include up to 1000 cubic yards 
of aeai•c011p8cted waste and, 

(b) for each additional cubic yard, the rate of $40 per cubic yard and, 

(c) cubic yardage shall be determined by the total volume of the waste 
and debris in place on the site including the l feet of final soU 
cover over this waste. 

, 
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10. The consideration and compensation being paid is subject to and 
ia conditioned upon the accuracy of the certifications and represen
tations made herein. 

Sincerely, 

Db·ector 

FAL:pol 

Attorney General John Ashcroft approves this agreement as to ita 
leaal fo~ and effect and certifies that it binds the State of 
Missouri in ita sovereign capacity. 

Attorney General 

I 
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Final Report 
Health Profile: Hazardous Waste Disposal Facility 

Submitted by: Systems Management Associates 
for: B. H .s., Inc. 

Wright City, MO 63390 

1. Introduction: As part of the permit issuance process for the 

operation of a hazardous waste site, the Annotated Missouri Statutes [Sec

tion 260.395], requires an operator to: 

(S) Submit with the application for a hazardous 
waste disposal or treatment facility a profile of the 
environmental and economic characteristics· of the area 
as required by the commission, including the extent of 
air pollution and ground water contamination; and a 
profile of the health characteristics of the area which 
identifies all serious illness, the rate of which exceeds 
the state average for such illness, which might be 
attributable to environmental contamination. 

This document accompanies the application of Bob's Home Service, 

Inc., [B.H.S.] for a permit to operate a hazardous waste disposal facility 

and is provided to meet the requirements for a health profile as proscribed 

by the law. This document: 

• describes the nature and extent of the health profile for B. H. S. 

consistent with the intent and purpose of the Missouri Statutes 

• outlines the technical and methodological back-up to support the health 

profile structure 

• presents the complete health profile 

While providing a complete general health profile as required, consid

eration was given to specific indices to monitor specific types of waste 

materials deposited by BHS. In addition, data aggregation and analysis 

must be, and is, specific for the distribution, number, and populations in 

~ the surrounding areas. Any profile, to satisfy the law, must be technically 
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responsive to these varying characteristics. The definition of areas, level 

of aggregation, and the analysis presented in this profile are responsive to 

the specific setting of BHS, its operations, and Section 260.395. 

2. Purpose of the Health Profile 

Section 260.395, containing the health profile requirement, presents 

the intent of the law; to provide a health profile suitable to monitoring 

serious illness which might be indicative of environmental hazards exposure 

to residents in or near a hazardous waste site operation. The section 
. . 

specifically cites the need for the profile to be sensitive to detecting rates 

of serious illness associated with environmental hazards health effects that 

exceed state averages. 

There are no current State regulations available specifically describing 

the structure, content or analysis process required to meet the intent of 

(-..., the law. However, the State has issued summary guidelines (Appendix 1). 

This profile is consistent with these guidelines. 

BHS is prepared to meet the full intent of the law, and as part of the 

application process wishes to provide complete explication of the structure 

and content of the required health profile. BHS does not presume to 

assume the form of any forthcoming State regulations. However, BHS 

consultants wish to document the profile development consistent with the 

State Statutes, the existing guidelines, and in accordance with currently 

recognized technical and scientific requisites for a community health profile 

of serious illness potentially related to hazardous waste disposal site opera-

tions. 

Two basic technical requisites of the profile are: 

• Provide a baseline to monitor serious illness conditions as required by 

the Missouri Statute on an ongoing and comparative basis 
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• Relate measures and data that are appropriate to monitor health effects 

to known or potentially hazardous substances that are disposed in the 

BHS waste landfill. 

' The profile is structured to meet the two requisites stated above. To 

accomplish these two purposes the profile will conform to the following 

technical characteristics: 

• require objective and timely data of sufficient quality to meet the need 

for ongoing and comparative analysis for such serious illnesses. 

• describe health effects to the known etiology and epidemiology of 

populations exposed to toxic or potentially hazardous compounds. 

• provide a comparative framework to appropriately aid the identification 

of health effects reflected in general population trends and those in-

dicative of potential or known hazards associated with landfill opera-

tions. 

• provide measures of variability or sensitivity associated with indices, 

rates, and trends employed in the profile in order to produce valid 

and objective conclusions related to a health profile of areas surround-

ing BHS site operations. 

• require an assay of multiple sources of data, information, and methods 

to select appropriate measures to reflect the technical requisites of 

providing a multi-dimensional view of selected environmental hazard

related serious illness explicit in the technical considerations cited 

above. 

3. Detection of Health Effects of Hazardous or Toxic Substances 

The development of the profile draws heavily on the known relation· 

ships of toxic effects. Sources are fully documented in the profile. For 

purposes of review these sources are summarized below: 
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• Health statistics and biostatistics provide the information base and 

the analytical techniques to collect, analyze, and assess data 

sources that are identified as pertinent to the hazardous waste 

site health profile. Statistical aspects include an assessment of 

reliability, validity, and time trends used to construct the base 

line profile. 

• Medical Etiology and Epidemiology; the study of epidemiology and 

its relation of risk factors, disease distribution patterns, and 

multi causation of illness provide the knowledge base for selecting 

specific indicators of possible serious · health effects related to 

environmental quality or hazardous substances. 

• Toxicology and related studies provide the basis for compiling and 

defining risks related to specific substances that are disposed in 

BHS landfill operations. 

• Engineering and related geophysical and environmental sciences 

contribute data that can be used to identify specific potentially 

toxic substances. In turn the identified substances can indicate 

health monitoring indices where the literature supports such 

linkage. 

• Demography defines and measures characteristics of the community 

and state populations for comparative analysis, for specific moni

toring of populations, and for information on population dynamics 

relevant to on-going monitoring of health effects. 

4. Sources of State Data for the Profile Construction 

The sources of data and information below are used consistent with the 

knowledge base described in the prior section. This section covers sources 

of data, and critically reviews the sources for inclusion in the profile. A 
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subsequent section describes the measures to be derived from these sources. 

Emphasis is placed on the use of on-going health information systems, con

sistent with the need for monitoring over time, on a practical, cost-effective 

basis as described in the section on the Purpose of the Profile. 

4.1 Missouri Data and Health Statistics 

The State of Missouri has ongoing health data sources that are consis

tent with the multiple requirements spelled out in previous sections. The 

basic data. required for a serious illness profile will be drawn from the fol

lowing subsets: 

• Mortality Data - Missouri death certificates provide cause-specific death 

information on all deaths occurring within the state by place of resi

dence and other descriptors. Mortality is an obvious major data base 

to study specific disease patterns. Death certificates and derived 

statistics provide a continuous source of data on mortality. This 

source of data is used in the profile. 

• Natality Data - Natality data consist of information on births, fetal 

deaths, and the circumstances surrounding birth including related 

demographic and health descriptors. These data are considered valu

able for assessing and measuring changes in birth patterns and out

comes. ·These changes can be associated with, or indicative of, en vi

ronmental changes or health effects. The State collects these data via 

birth and fetal death certificates. These data are used in the health 

profile. 

• Morbidity Data - Morbidity data comprise information on illness (inci

dence and prevalence) in the living population. 

The State of Missouri has several sources of ongoing data systems that 

measure specific morbidity germane to the profile. A variety of ways exist 
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to collect such data, including face-to-face interviews with people, health 

examinatiOnS 1 ClaimS formS for mediCal Care COStS reimbUrSement, and hOS• e 
pital discharge and physician office visit abstracts. 

I 

(i) The Missouri Hospital Discharge System - This system collects 

morbidity-specific Information related to hospitalized patients. Data 

from discharged patients' medical records are abstracted and entered 

into the hospital discharge file. 

The discharge file is a source for measuring serious illness, as indi-

cated by hospitalization. Geocoding permits assignment to residence area 

that is essential to the health profile for monitoring hazardous waste site 

operations. 

The discharge data will be used to provide specific indicators of po-

tential environmentally related serious illness, both reversible and irrever

sible. In addition, coverage and completeness of this data source must be 

assayed for purposes of the comparative analysis and time trends. 

Discharge data are records of hospital stays. Individuals may have 

multiple hospital stays within a period of time for the same or related con

dition, or different conditions. Small area data and diagnoses of low fre

quency are particularly affected by readmissions for an individual in these 

circumstances. This situation may be reflected in these data. 

On balance the hospital discharge data provide on-going information on 

morbidity trends and is used in the health profile. 

(ii) The Missouri Cancer Registry - The cancer registry collects cases 

(incidence) of cancer as reported by physicians, hospitals or clinics. This 

system cannot be precisely appraised as to the extent and quality of cover

age. Registry data are useful to examine site and age specific incidence 

and time period prevalence for tightly constructed special epidemiological 
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studies. Because of the potential coverage problems, data from this system 

- have not been used in this profile. Based o·n the experience of staff at the 

Missouri Center for Health Statistics, the hospital discharge data provide 

more complete coverage of cancer morbidity. Therefore, the hospital dis

charge data are used in this report. 

(iii) The Missouri Workman's Compensation File This is a source 

based on legal requirements related to compensation claims. There are 

obvious limitations of the nature of the source, due to its lack of .standard

ization, completeness, and reliability to serve as a source of objective on-

going reporting. Such data can be useful in identifying spot problems, or 

alerting health officials to potential hazards. Because of limitations, how-

ever, these data have not been used as a baseline source in this profile. 

4.2 Population and Demographic Data 

These sources provide the community, county and state descriptors 

and data on the population, available either as 1970 U.S. Census data, 

intercensal State of Missouri population estimates, and 1980 U.s. Census 

data. The 1980 U.S. Census data are currently available only on gross 

aggregate counts but are employed to the detail level published. These 

population and demographic data provide the basis (denominator data) for 

the specific rates of serious illness, and other allied rates required by the 

law, and technically appropriate to the health profile. 

These data also provide the basis to determine the validity of rates, 

pooling, and adjustment procedures for the health profile analysis. This 

profile draws upon the currently available census data or population esti-

mates. 
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The sources of data described above provide an adequate data base 

from· which to develop appropriate health measures, describe current health e 
status of the population, and can be used for monitoring changes in health 

status over time. 

4.3 Bob's Home Services (BHS, Inc.) - Waste Site Specific Data Sour-

ces 

Two separate sources of data can be derived from BHS data primarily 

on a forward basis, for monitoring. These two sources are BHS site sub

stances reports or monitoring reports, and an annual BHS workers physical 

exam. 

(i) BHS Substance Monitoring Reports. 

These reports include: 

• type of industrial waste disposed 

• type of compound or contaminants disposed 

• specific testing by analysts, including leachate analysis. 

Data contained in these reports are used to identify. specific waste 

hazards composition. In turn, the specific compound or family of com

pounds are to be monitored for health effects linked by epidemiological 

analysis. Certain wastes are not accepted at the site, and this provides 

information to be used to delimit health· measures of indices for the purpose 

of the specificity of the profile. 

Based on the leachate analysis from BHS, our review of the literature 

and known evidence, Appendix 2 provides a specific cross-listing of known 

principal waste components related to: 

• signs, symptoms, and conditions 

• companion lCD code, ninth revision where applicable. 
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These lCD groupings where applicable are contained in condition-

-~ specific monitoring groups. The health profile is directed to specific BHS 

operations. 

(ii) BHS Physical Exams of Workers. 

The annual physical exam procedure was reviewed by the Senior Med· 

ical and Epidemiology consultant. A standardized workers exam with em-

phasis on occupational medicine can be a valuable forward monitoring source. 

Current exams show no deleterious health effects on workers due to expo

sure at the waste site. However, due to potential lack of standardization, 

and technical considerations, worker physical exam results have not been 

included as part of the profile. 

5. The Health Profile Structure 

Based on the above considerations, five major technical considerations 

were used to develop the specific elements on which the health profile is 

built: 

5.1 Technical reports and knowledge base; scientific literature and 

precedents for environmental health profiles have been reviewed. 

The following major sources have been reviewed: 

• health effects/hazardous substance literature review 

• NIOSH [National Institute of Occupational Safety and Health] 

summary and committee reports 

• EPA [Environmental Protection Agency] hazardous substan-

ces, procedures, regulations, and reports 

• OSHA [Occupational Safety and Health Administration] haz-

ards and protection summaries and reports 
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• NCHS [National Center for Health Statistics] information and 

health statistics recommendations and procedures, collection, 

use, and analysis related to health and environmental effects 

• State of Missouri [Center for Health Statistics] sources of 

data, and technical considerations on specific data and 

analysis 

5.2 Timeliness and Availability of Data. 

The data sets described in the previous section, Sources of State Data 

for the Profile Construction, are available for differing periods of time. 

Thus the baseline for various sets of data may differ dictated both by 

availability and comparability (see next section). 

5.3 Comparability. 

Over time, data from a specific data source may contain differences 

which unrecognized can lead to spurious inferences. Comparability con-

siderations in the data sets described abpve include (see Technical Notes): 

• completeness and coverage; for example, the hospital discharge 

data coverage and completeness vary over time 

• changes in coding procedures; for example, there is a major 

change every 10 years in coding in the lCD (International Classi

fication of Diseases). The lCD codes provide the standard used 

for disease classification. There are time trend considerations 

due to the change from ICD-8 to ICD-9 that would affect the 

base-line profile. These considerations where applicable are 

specifically stated. 

• geocoding for areas, cities, and subareas; for example, considera

tion needs to be given to zip codes, and city code availability and 

10 



comparability. The profile uses zip code, county, and surround· 

ing counties as comparative units with state experience. 

• definition of health measures; for example, perinatal mortality 

rates computed with or without fetal deaths included in the de-

nominator. These rates and indices are defined and the rationale 

summarized. 

5.4 Statistical Error Rates 

The numbers and the error bounds related to specific rates must be 

considered. This includes consideration of pooling of years or aggregating 

population or area units. The error rates provide a guage of the stability 

or non-stability of a particular rate. 

In order to guide technical consideration of the er_ror rates and to aid 

the technical reviewer, charts of approximate 95% confidence intervals on 

single rates (on a per 1000 population base) and for differences between 

two rates (on a per 1000 population base) have been developed for this 

report. 

The confidence interval approach embodies the sampling error that can 

be expected in a given rate due to stochastic variation and frequency of an 

event(s) measured by the rate. 

This assessment of variability in rates is of crucial importance since 

the population base and time period used vary with comparative geographic 

areas, specific health events, and time reference. · 

Thus, proper interpretation requires statistical testing and considera-

tion of error in evaluating the important rates and ratios used to monitor 

hazardous waste sites. Inspection of Appendix 3 shows how these confi· 

dence intervals on rates (per 1000) vary dramatically based on the size of 
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the denominator (base population) and the relative frequency of the numer

ator (the health event of interest). 

The rationale for both a.ggregation of data, and the time periods chosen 

for various data base elements are fully documented. Each data source 

requires separate aggregation considerations in order to provide appro

priately stable derived rates and indice~, and to take into account the 

effects of coding changes and quality and completeness of reporting trends . 

over time. Principally selected birth and natality rates will reflect a five

to ten-year baseline·; death certificate data, a two-year base; and hospital 

discharge, a one-year base as dictated by the technical considerations 

enumerated. 

5.5 Adjustment Factors 

This category includes the use of factors or procedures to adjust 

appropriately for underlying· factors such as completeness of reporting or 

demographic factors that make one area "different" from another. 

6. Indices Selection 

The primary measures selected for the health profile are based on the 

considerations cited above. 

This section summarizes the data sets and their reference periods used 

to derive the major indices, rates, ratios, and proportions employed in the 

health profile. The time period of coverage for each set has been predi

cated on the technical factors cited in Section 5 (above). 

Specific table references are combined to provide a succinct but com

plete guide to the indices and rationale for use. 
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6.0 Summary Guide to Data Sources, Indices, Time Period, and Technical 

Considerations for the BHS Hazardous Wastesite Health Profile 

6.1 NATALITY 

Source: Birth Certificates 

Birth rates 

Table 1 1980 most current year 

Fertility rates 

Table 1 1980 most current year 

Low Birth Weight (under 2501 grams) 

Table 3 1972-1976 
1977-1980 

aggregate years 
aggregate years 

Gestation period less than 37 weeks 

Table 7 1972-1976 
1977-1980 

aggregate years 
aggregate years 

Apgar Score less than 8 (at 5 minutes) 

Table 8 1978-1980 aggregate years 
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• descriptive only 
relates to total population, 
can be misleading to im
pute any health implica
tions. 

• measures fertility 

• measures development 
state of live births 

• aggregated to provide 
more stable comparison 

• correlated with gestation 
period less than 37 weeks 

• measures gestation related 
to expected full term de
velopment 

• aggregated to provide more 
stable comparisons 

• measures condition of in
fant at birth 

• a'vailable since 1978 only, 
and coded Jess than 8 

• aggregated to provide more 
stable comparisons 



Source: Birth Certificates and Fetal Death Certificates 

Fetal death ratio 

Table 2 1972-1976 
1977-1980 

aggregate years 
aggregate years 

• a measure of fetal wastage 

• comparability with other 
natality measures 

• aggregated to provide more 
stable comparisons 

Source: Birth Certificates, Fetal Death Certificates, and Death Certificates 

· Neonatal death and perinatal death rates 

Table 5 1972-1976 
1977-1980 

aggregate years 
aggregate years 

Source: Hospital Discharge Data 

Congenital malformations 

Table 4 1979 

6.2 MORTALITY 

Source: Death Certificates 

Infant death (excluding accidental deaths) 

Table 6 1972-1976 
1977-1980 

aggregate years 
aggregate years 
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• measures of survival dur
ing gestation and around 
birth or immediately post
natal 

• comparability with other 
natality measures 

• aggregated to provide more 
stable comparisons 

• measures anomalies of de
velopment 

• single year hospital dis
charge available 

• hospital discharge reflects 
better quality of reporting 
of events than birth certi
ficates 

• measures early childhood 
mortality 

• accidental deaths excluded 
as no possible relation to 
hazardous waste exposure 

• aggregated to provide a 
more stable comparison 



Table 12 1971-1980 time trend, single 
years 

Malignant neoplasm (by selected groups) 

Table 9 1979-1980 aggregate years 

6.3 MORBIDITY 

Source: Hospital Discharge Data 

Malignant neoplasm rates {by. selected causes) 

Table 10 1979 

• track mortality changes 

• specimen analysis for tem
poral effects 

• cause specific mortality 
known to be affected by 
hazardous waste (see Ap
pendix 2) 

• selected groups aggregated 
for stability of rates but 
preserve subgroup speci
ficity 

• 1979-1980 only to reflect 
lCD 9. Comparability with 
lCD 8 on state and local 
level doubtful and not 

. used. 

• measure occurrence of 
selected cancer causes in 
the population 

• selected groups compar
able to mortality tables 
and indicative of specific 
waste site hazards (see 
Appendix 2) 

• single available year of 
reliable reporting with 
coverage of comparable 
completeness among state 
and local units of analysis 

Other primary diagnosis rates (by selected causes) 

Table 11 1979 
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• measures occurrence of 
other selected causes re
lated to ·possible hazardous 
waste exposure (see Ap· 
pendix 2) 



7. Analysis 

• limited to causes with 
specific physiological eti· 
ology; conditions influ· 
enced by psycho-social 
factors are not included 

• single available year of 
reliable reporting with 
coverage of comparable 
completeness among state 
and local units for analysis 

The analysis and interpretation of the BHS Hazardous Waste Site 

Health Profile is de.rived from the state statute and basic health statistics 

considerations in order to: 

1) identify selected serious illness conditions related to possible 

hazardous substances contamination and compare with the state 

average. 

This calls fo~ appropriate geographic comparative units of 

reference for analysis. 

2) provide a baseline descriptive profile to establish the current. 

population health effects within the appropriate comparative geo-

graphical units. 

This calls for specific tables of the selected indices for these 

comparative units. 

3) provide the appropriate time reference data and indices to permit 

forward monitoring of the health profile in subsequent years. 

A baseline and a period of before operations and after opera-

tions observation periods are available. 

4) Establish appropriate statistical techniques for estimation of mea-

sures of health effects, and to objectively assess and test for the 

statistical significance of these measures. 
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The presence of natural variability from year to year is 

reflected in the data. Conclusions must take into account the 

statistical variability that is present. 

The magnitude of the underlying events, whether relatively 

common in occurrence or less common, and the size of the popu-

lations of the various geographic units affect the variability of 

the measures of health effects. 

The underlying population, time trends, rates and the dif-

fering nature of the health measures and data employed require 

selection of the appropriate statistical tools to permit objective 

and valid comparisons. 

7.1 Geographic Factors 

Geographic-specific definition of all data and derived measures were 

carefully considered. Each -waste site and its surrounding areas must be 

considered. The Statutes call for a comparison of the site with State rates. 

This profile goes further to provide a set of nested comparisons: immediate 

surrounding site, county of site, related distance and geology considera-

tions, counties, and the State. Statistically these nested geographic areas 

do not provide independent estimates; however, because of the comparable 

increase in population from one nested unit to the next larger aggregate in 

the case of BHS surrounding zip code, county, and state, the lack of strict 

independence is not a significant limitation on the comparative approach. 

• zip code 

• county 

the area immediately surrounding the BHS 

site. Zip code 63390 is the location of BHS 

operations. See Appendix 4 for a map show-

ing zip code 63390 boundaries. 

Warren County, the location of the BHS site. 
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• aggregate counties Warren and the two counties in close proxim-

• state 

ity to the BHS operation (Lincoln and St. e 
Charles). 

the State of Missouri. 

7.2 Demographic Factors 

• age, where pertinent to the analysis and technical consider

ations age-specific or age-adjusted rates are included. 

7.3 Statistical Stability and Comparability 

Consistent with the statistical factors, previously cited statistical 

tests of significance, estimation, and confidence interval guides 

are used to provide objective assessment of the data. 

7. 4 Specific hazardous substances or industrial groups related to 

materials disposed. at BHS landfill operation. (See Appendix 2 

review.) 

7. 5 The analysis is responsive to the criteria above and is divided 

into four components: 

1) Presentation of Descriptive Indices 

Presents the selected health effects measures for each com

parative civil division. Where possible it is further divided 

into pre and post operations periods. The pre operations 

period is defined as the years 1972-1976 period, and the 

post operations period as the years 1977-1980. The basic 

tables are presented in Appendix 5. These tables contain 

the frequencies, rates and indices selected for health effects 

monitoring. 
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2) Examining Differences for Significance by Z-Score Approxima

tions 

Thi$ section assesses the statistical significance of the in-

dices presented in the Appendix 5 tables with respect to: 

- differences among the rates among comparative groups 

within the pre-operation phase, and within the post 

operation phase. 

- differences among the rates pre operational and post 

operational within a specific civil division. 

Using the approximate Z-score confidence intervals (Appen

dix 3) provides a statistical screening procedure to assess 

the significance of differences among the rates. 

The confidence interval tables in Appendix 3 provide 

the entries for the technical reader to examine specific rate 

differences. These confidence interval tables are for a 95% 

confidence interval. For ease of review the results of all 

the tests are summarized in tabular form in Section 8. 

It should be noted that at the a = .05 level, 5 out of 

100 of the many approximate normal Z-scores examined will 

cause us to reject a hypothesis of no difference when in fact 

it is true. The multiway comparisons yield tests that are 

not independent of one another. Furthermore, not all the 

measures are themselves independent. 

The test results summarized in Section 8 do provide 

appropriate statistical screening procedures to find potenti

ally deleterious health conditions among the many observed 

differences in measures that may be due to chance alone. 
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3) Differences of Risks Using Standardized Mortality or Morbid-

ity Rates (SMR) and Standardized Proportion Mortality or e 
Morbidity Rates (SPMR) 

The SMR and the SPMR procedures are presented to 

define the comparison of BHS surrounding areas with that of 

State experience. Standardized mortality or morbidity rates 

(SMR) help adjust for the effect of underlying population

age differences where the age-specific population is known. 

SMR's are constructed for the mortality data. 

Standardized proportional or morbidity rates (SPMR) 

accomplish the same purpose of adjustment for underlying 

population differences when these differences are not directly 

observable. Since the hospital discharge data cannot be 

referred directly to the population subgroups, the SPMR 

procedure is used for the hospital discharge based morbidity 

measures. 

The SMR and SPMR procedures in conjunction with 
, 

current data are most appropriate procedures for assessing 

the current relative hazards appraisal required by Missouri 

Statute. 

4) Time Trends 

Time series analysis can be useful in examining patterns 

or trends in the health profile measures. However, the 

limited period of observation on most measures places current 

restrictions on the use of this technique with currently 

available data. 
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As yearly observations accrue, an on-going health pro

file based on annual data may be analyzed by more sophisti

cated trend analysis. 

Appendix 6 contains a technical discussion of Time 

Series analysis and a recommended statistical analytic ap-

preach (ARIMA) that may be employed in the future. 

Time trends over the current period can be examined 

empirically for the appearance of any potential or suspected 

emerging trend. Therefore, time series has .been examined 

only via graphs for the natality data as a specimen analysis. 

8. Summary of Findings 

This section summarizes the findings based on the presentation of the 

data via rates, trends, time periods, and the statistical methods described. 

The interpretation is based on the specifics of the statutes, the as-

sumption of an ongoing monitoring function, and the statistical strengths or 

limitations of the data and indices previously described. 

8.1 Descriptive Tables of Frequency and Rates of Selected Indices 

Tables 1-11. 

The rates in Tables 1-11 are summarized in tabular form below. The 

rates were screened using the approximate Z-test confidence interval ap-

preach given in Appendix 3. 

The standard comparison is taken as the state rate. Where the data 

permitted, some tables reflect the additional comparison of dividing the ob-

servations, pre-BHS operations (1972-1976) and post-BHS operations (1977-

1980). The state comparison permits examination for effects as indicated by 

the law. The two time period comparison, where possible, sharpens the 
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analysis by comparing rates for changes before and after BHS operations 

began, within each civil division. 

The summary table identifies: 

• the specific rate 

• the direction of any negative effect 

• the time comparisons in the table 

the state rate as the standard 

- the time trend before and after BHS operations 

• the summary results of the table 

no specific differences noted, given error rates 

- monitoring an elevated rate indicating that these rates should 

be examined for underlying population or other factors in

cluding hazards that can cause these differences 

• other common risk factors or underlying health and population 

factors beyond environmental hazards that also can affect these 

rates (although not an exhaustive list). 

Bearing in mind that the multitude of rate comparisons is large and 

many not independent~ the evidence in Tables 1-11 indicates that the state 

rates are not exceeded in most of the indices presented. However, note 

that several of the natality measures while not significantly different are 

elevated and should be monitored. Recognizing the perturbations in the 

small area data the profile can be complemented by examining the cause

numerator event information on the certificates. Subsequent time period 

data will be necessary to establish any definite trend. 

A subsequent section (8.3) provides ·a more precise statistical tool 

using cause-specific data based on mortality and morbidity data sources. 
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SUMMARY OF ANALYTIC RESULTS, TABLES 1-11 

Aggregated 
Rates 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Measure 

fertilityt 

fetal death rate 

low birth weight 

aggregate birth anomalies 

cause-specific 

perinatal* 

neonatal 

Direction of 
Potential Negative 

Health Impact 
and Type of 
Comparison 

reduction compared 
to state 

elevated before
after compared to 
state 

elevated before
after compared to 
state 

elevated compared 
to state 

elevated compared 
to state 

elevated before
after compared to 
state 

elevated before
after compared to 
state 

t Population data for before-after comparison not available. 

*perinatal and neonatal not statistically independent 

Findings 

no effect 

no effect 

no effect 

no effect 

no effect 

no effect 
monitor 

no effect 
monitor 

• 
Moderating Factors 

depends heavily on other 
demographic factors 

depends heavily on 
health, demographic fac
tors, and genetic predis
position 

as above 

genetic pedigree 

genetic pedigree 

general health status, 
prenatal care, genetic 
factors, events around 
delivery 

as above 
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SUMMARY OF ANALYTIC RESULTS (continued) 

Aggregated 
Rates 

Table 6 

Measure 

infant death rate* 

Direction of 
Potential Negative 

Health Impact 
and Type of 
Comparison 

elevated before
after compared to 
state 

*not statistically independent of the perinatal and neonatal rates 

Table 7 gestation < 37 weeks* 

*not independent of low birth weight 

Table 8 Apgar Score < 8 

Table 9 malignant neoplasm death* 

elevated before
after compared to 
state 

elevated compared 
to state 

elevated compared 
to state 

*total not statistically independent of specific cause rates 

Table 10 

Table 11 

malignant neoplasm, hos
pital discharge 

diagnoses, hospital dis
charge 

elevated compared 
to state 

informational only 

·Findings 

no effect 
monitor 

no effect 
monitor 

no effect 

no effect 

no effect 

• 

Moderating Factors 

as above, post-natal care, 
and exposure to infec
tious diseases 

error in estimation, 
health, prenatal care, and 
genetics 

preexisting, prenatal, 
circumstances at birth 

cause-specific variable, 
etiology, age distribution 
and demographic factors 

as above 
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8.2 Time Trend 

The time trend data is presented as a demonstration analysis. Because 

of limitations in the number of pbserved periods time trend analysis is not 

strictly applicable except as empirical observation. 

Since the profile is assumed to provide a baseline, it is desirable to 

address this technique. 

Table 12 and Figure 1 provide a specimen of such analysis and a plot 

of annual infant mortality rates. In general, a downward trend is indicated 

in all civil divisions considered, although the trend is somewhat erratic in 

smaller areas. Also, the number of infant deaths is too small in the sur-

rounding site to discern any meaningful trend. If more meaningful time-

series data can be accumulated, we could examine them using more rigorous 

statistical techniques. Appendix 6 provides a technical discussion of time 

trend analysis and a specific procedure that may be used as the observa-

tional periods accrue over time. Examples of data series relevant in this 

context are included in the Appendix. 

8.3 Analysis with Standardized Mortality or Morbidity Rates (SMR) 

and Standardized Proportional Mortality or Morbidity Rates (SPMR) 

The SMR and SPMR are appropriate indices to aid in the clarity of the 

health profile. As presented in references in Appendix 7 these statistics 

'can control for underlying differences in population distribution, where 

these differences are directly observable (SMR) or where the differences 

may exist but are not directly observable (SPMR). 

The SMR and SPMR are highly appropriate in examining hazardous 

exposure-linked, cause-specific mortality and morbidity data. 
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Table 13 shows standardized mortality ratios (SMR) of malignant neo· 

plasms for the three-county aggregate. The standard population used in e 
this computation is the 1980 Missouri age/cause-specific mortality rates. 

The chi-square value associated with each SMR is presented to facilitate the 

test to see whether a given SMR differs significantly from unity (standard). 

In general, cancer SMRs of the three-county area are lower than the 

state ratios. The 1979 SMR of digestive organs for the three-county area 

is significantly lower than the standard. On the other hand, the 1980 SMR 

of the same cancer ·site is slightly higher than the standard, but it fails to 

attain statistical significance. Alternatively, this observation can be stated 

as follows. The SMR of digestive organs for the three-county area signifi

cantly increased from 1979 to 1980, but it did not significantly exceed the 

state's rate. The SMR of residual cancer sites was slightly higher than the 

-~ state's rate in 1979 but decreased below the state level in 1980. 

~ 

Table 14 presents an analysis of hospital discharge data comparing the 

three-county area with Missouri with respect to selected neoplasm sites. 

First, as in Table 12, we examined standardized morbidity ratio. With the 

exception of leukemia all SMRs are less than unity indicating that the three

county area has relatively lower cancer incidence than Missouri. In fact, 

SMRs for digestive, other sites and all sites are significantly lower than the 

state. Although leukemia incidence is higher than that of the state, it fails 

to attain a statistical significance. 

Second, we examined standardized proportional morbidity ratio to 

demonstrate usefulness of this measure in future use. This measure does 

not require any population data, but it is equivalent to the relative SMR 

which utilizes population data. Theoretical discussion is presented in 

references in Appendix 7. 
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This measure can be used to assess whether there has been any sig

nificant shift in incidence of specific cancer as compared with total cancer, 

adjusting for age-difference in proportional morbidity. Since this can be 

computed quickly based on hospital discharge data, it can be used to con

duct a preliminary screening of excess morbidity. More definite assessment 

of morbidity can be made at a later date when population data become avail

able. 
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Note 1. The table provided by the Missouri Center for Health Statistics is 

included to present data as to the completeness of the hospital 

discharge reporting system. Based on information provided by 

the Missouri Center 1 discharge data are estimated to be 80% com

plete (personal communication). 

Note 2. The comparability of causes of death following the 10-year chan-

ges in the classification codes is provided through use of compar

ability ratios. These ratios, constructed at the national level, 

have not been used in this report since their applicability on a 

state or local level is highly questionable. A report by the North 

Carolina Center for Health Statistics is included in this section to 

point out the difficulties associated with the application of national 

·ratios to a state or local level. 

A Note 3. A companion table of causes of death as given in Table 11 for 
~ 

hospital discharges was not prepared due to the low frequencies 

of the events for geographic areas other than total state. 

Note 4. The natality and related mortality measures in Tables 1-8 were 

selected as potential sentinel health events. These would be 

sensitive for a monitoring system of serious hazardous wastes 

disposal producing adverse health effects. The events have been 

described in the literature as they may relate to hazardous waste 

disposal sites (see References - Appendix 2). 

Note 5. Mortality data are presented for 2 years only 1 1979 and 1980. 

This was done in order to eliminate difficulties associated with the 

use of national level comparability ratios. The single year 1 19791 

was used for hospital discharge data . because the Missouri Center 

for Health Statistics indicated this was the only year of data 

available. 
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Calparison of Vital Statistics Birth and Death Frequencies with 
lbspital Discharge Freq\Blcies, by Residence A:tea 

1979 . 

.. 
Deaths-~.ge <65 Deaths--Age 65+ 

Residence Area HD vs 7. 

Missouri 5,155 7,377 70 

Surround:ing Site 5 6 83 

~Tarren County 11 13 85 

~gate Counties* 98 168 58 

Source: Missouri Center for Health Statistics 

roTE: HD = Hospital Discharge File 
VS = Vital Statistics File 

HD vs 

16,176 18,987 

3 7 

36 56 

260 389 

.*Aggregate counties include Harren, Lincoln and St. Charles 

.. 

% 

85 

43 

64 

67 

Births 
HD vs 

56,850 76,056 

43 . 63 

141 216 

1,939 3,211 

% 

75 
' 

68 

65 

60 



North Ca:t:O.L...t.J.ki .>tate Centt... .L.... • -~-~ .. n f 1tb 
Department of Hunan Resources 

It. CHANGES ·IN 'lliE CAOOE-QF-DEA'm CLASSIFICATION SYSTEM 

About every 10 years since 1900, what is now the International 
-Classification of Diseases (ICD) is revised in order to incorporate the latest 

state-of-the-art in disease classification. Each revision ~oduces some break 

in the comparability of cause-of-death statistics~ and the Ninth Revision--first 

applied to 1979 deaths-is no exception. In fact, there are some serious breaks 

in comparability for a number of causes. 

In order to interpret mortality trends, the National Center for Health 

Statistics (NCHS) provides national estimates of the discontinuity associated 

with a change in the ICD. Tb date, these •ratios of comparability• between the 

Eighth a~ Ninth revisions have been reported for 72 selected causes of death 

aoo 10 selected causes of infant death (2). fobre detailed analyses, inclu:!ing 

the construction of age-race-sex-"SI)eci fie raf:;fds for· e·ach of 72 causes, ·are in 

i proqress. 

Methodoloqy 

The method used by N:HS to construct comparability ratios was recontnended 

by the International Conference for the Sfxth Revision of the ICD which convened 

in France in 1948. In the present case, the comparability ratios are based on 

(a) all deaths in 197fi coded according to the Eighth Revision and (b) a sample 

of the 1971i deaths coded according to the Ninth Revision. For a particular 

cause, the denominator of the ratio is given by (a) While the numerator is an. 

annual estimate derived from (b) of the number of 1976 deaths assigned to the 

comparable Ninth Revision cause. Data year 1976 was the most recent available 

at the time these ratios were constructed. 

Once constructed, a ratio is applied to the number of deaths or death rate 

• under the precedi~ r~vision. The ratio examined here may be applied to the 

years 1968 thro~h 1978 inclusive although there is no guarantee that ratios for 
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1976 are applicable to other years. u.s. ratios also may not be applicable to a 

J particular state, as will be seen, much less to a particular coLnty. fbwever, 

the acquisition of aqe-race-sex-specifi~ ratios from NCHS (p~omised by 1982) 

should allow a state or county to compute more realistic ratios for the 

particular area and over time. In the meantime, examination of the u.s. ratios 

for the causes of this volume (certain site-specific cancers excluded) will 

reveal major chan3es in the ICD. 

c~~parability Ratios 

A ratio of 1.0000 indicates that the same nlll\ber of deaths was assiqned to 

a particular underlyin~ cause Whether the Eighth or Ninth Revision was used. 

This c.:..l result from a perfect correspondence between the revisions or from 

compensating changes. Usually, a ratio of less than 1.0000 results from 
.- .1$. : 

decreased assiql'lllents to the cause or the Ninth Revision category 

'-'; representinq only a part of the Eighth Revision category with W\ich it is .-
compared. Finally, a ratio of more than 1.0000 results from increased 

assiqnments to the cause or from the Ninth Revision category being broader .than 

the Eighth RP.vision category with. W1ich it is compared. Table A shows the 

correspondinq Eighth and Ninth revision codes and u.s. comparability ratios for .. 
selected causes. Note that ratios for site-specific cancers are available only 

for breast cancer (1.0089) and leukemia (1.0070). 

Major I'CO OlantJeS for Volune 2 Causes 

n1e follo~ing summary of changes addresses causes in the order of their 

appearance in Table A. Some causes Where the comparability ratio is very close 

to 1.0000 are omitted. 

- Despite internal ch~n~es, heart disease as an entire 
·entity did not chanqe very much. The comparability 

ratio of 1.0126 involves the transfer of unspecified 
heart failure from •symptoms an1 ill-defined 
conditions• (Eighth R~vision 782.4). 
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Table A 

CcJt1larable Cater)ory Nl.l'nbers for Selected Leading 
Causes of Death Accordinq to the Ninth and 

Eighth ~isia\s of the lntematimal 
Classification of Diseases With 

· CcJ!tlarabiluy RatiOs 

cause of Death (Ninth Rwisim) 

Diseases of Heart • • • • • • • • 
Acute Myocardial lnfarctic:n • • 
Other Ischemic Heart Disease • • • • • • • • 

Hypert.Ensi.cn with or wit:lnlt Renal Disease • 

Cerebrovascular Diseases • • • • • 

Athatosclerosil • • • • • • • 

c:arac:e.r • • • • • • ... . . ... 
Diabetes Mellitus . . . . . . 
Pnel.ltoU.A and Influenza . . . . . . 
Olrcnic Qlstructive PulJncnary 

Disease and Allied Conditions 

. . . 

. . . . . . 
• • • . . 

Cateqory N\nbera 
ltooordinq to the 

Ninth Rwisioo 

390-399,402,404-429 
• • • 4!0 

. ·. . 

. . . 

. . . 

411-414 
401,403 

430-439 
• • 440 

UD-209 . . . . . 250 

. --~~ . 480-487 .. . . .. 
"'• . . . 490-496 .. 

0\raUc Liver Disease and Cirrtosis • • • • 

Nephritis, Ne~ic Syndrane, and Nephrosis •• 

.. 571 . •, ..... . . . . 58D-589 
Jobtor Vehicle Accidents • • • • • • . . . . 
Other Accidents am Adverse Effecta 

Suicide ••••.•••• • • • . . ... 
Hcmi.cide and IAI}al Intervention . . . . . . . 

BlD-825 
800-807,826-949 

9SD-959 
. . . 96D-978 

.. 

Cateqory tbnbers 
Acaordinq to the 
Eighth Aevisicra 

• 390-399,402,404,410-429 

. . . 
. . 

• • • • 410 
•• 411-413 

•• 400,401,403 
• 430-438 

. . 
. . . . . . . . . 

•• 440 

14D-209 
•• 250 

• 470-474,480-486 

. . . •• 490-493 
••• 571 

. . . • • 580-584 
•• 81D-R21 

• BOD-807,825-949 

• 95D-959 
••• 960-978 

- • 

• 

Qllparability 
~ '· 
1.0126 
1.0003 

.7592 
1.2703 
1.0049 

1.0649 
1.002A 

.9991 

.9264 

1.8846 
1.0110 
1.7397 
1.0117 

.98U 
1.0032 

1.0~57 

. .. 
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- A major problem appears in the category 

other ischemic heart disease Where a ratio of .7592 
is due to the removal from this category of 
•cardiovascular disease,_ unspecified•. (Eighth 
Revision 412.4) and •cardiovascular disease ~thout 
mention of chronic ischemic heart disease, with 
hypertensive disease• (Eighth Revision 412.2). 

- For h;e{rtension, the comparability ··ratio of 1.2703 
results rom revised rules regarding the treatment 
of hypertension in combination with cardiovascular 
disease (CVD). In the Eighth Revision, hypertension 
always linked with CVD to become •hypertensive heart 
disease.• In the Ninth Revision, this linkage 
occurs only !J.1en it is stat·ed. that the CVD is due to 
hypertension, an1 otherwise, the death is assigned 
to hypertension. 

- The Eighth Revision fourth digits denoting the 
presence of hypertension in ischemic heart and 
cerebrovascular diseases no longer exist, making it 
impossible to count mentions of hypertension exactly 
as before. The new fourth digits for hypertensive 
disease indicate whether the disease was specified 
as malignant, benign, ·or neithe-t..i/~ ·· .:;~: · 

- The ratio of 1.0649 for atherosclerosis (~ormerly 
arteriosclerosis) is due to changes in linkage 
rules. These ch~nges affect underlying counts only, 
not mentions.· 

- For cancer as a \llole, the Eighth and Ninth 
Revisions are virtually the same. However, 
malignant neoplasms specified as secondary are now 
coded to •unspecified site• rather than to the 
s~ondary site. Reductions in slte-speciflc deaths 
that are due to this change cannot presently be 
quantified: NCHS promises comparability ratios at 
this level of detail late this year. However, for 
the state as a whole, only cancer of the pancreas 
and cancer of the cervix uteri show noticeable 
reductions between 1978 and 1979 (10.9 and 16.7 
percent respectively). 

-The comparability ratio of .9264 for 
pneumonia and influenza (formerly, influenza and 
pneumon1a) 1s due largely to the removal from this 
category of deaths attributed to congenital, 
aspiration or acute interstitial pneumonia. 

- The N:fS ratio of 1.8841; for chronic obstructive 
pulmonary diseases and allied condit1ons is intended 
to make Eighth Revision deaths due to bronchitis, 
emP,ysema, arv.J asthma (Eighth Revision 490-493) 
comparable to the ex~ed Ninth Revision category 
(49Q-496) Which incllrles two new components-
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• 
bronchiectasis (Eiqhth Revision 518) and unspecified 
chronic obstnctive 1urq disease (Eiqhth Rev·ision 
519.3). The 1978 Leadl~ Causes of Mortallt~ had 
already added in 519.3 to prm an expanded category, 
so the ratio of 1.8846 is only applicable .to 
bronchitis, emlitysema, ard asthma figures from 1977 
and earlier volumes. 

- The category chronic liver disease and cirrhosis 
(formerly, cirrhosis of the liver) now inclooes 
alcoholic liver damaqe unspecified and other 
unspecified chronic liver disease. 

-With a ratio of 1.7397, the large increase in the 
nll1\ber of deaths assigned .. to nephri tls, n~-rsrotlc 
syndrome and nephrosis (formerly, neptlrlt s ana 
nephrosis) results from . the Ninth Revision•s 
inclusion of uremia, acute tubular·nephrosis, and 
renal failure, not otherwise stated. 

- The category motor vehicle accidents now includes 
specific codes for nontraffic accidents involving a 
motor-driven snow vehicle or other off-road motor 
vehicle. 'llle code for streetcar accidents has been 
removed. " ... .0:;,//~ .. ;~ · -· 

- A reduction in deaths attributed to other accidents 
and adverse effects is due to new rules Whereby an 
adverse effect takes precedence over the external 
cause. For example, aplastic anemia resulting from 
the administration of chloromycetin is coded to 
aplastic anemia in the Ninth Revision as opposed to 
•surgical and medical complications and 
misadventures• in the Eighth ·Revision. 

In sum, the Volume 2 categories substantially affected by the ICD revision, 

and for Which comparisons to 1978 and earlier years should be made very 

carefully using the comparability ratios, are: other ischemic heart disease; 

hypertension; p-aeLJnonia and influenza; chronic obstructive 1~ disease; and 

ne(Xlr it is, nephrot~c syndrome, arvJ nephrosis. 

Evaluation of Comparability Ratios 

Table B applies the u.s. comparability ratios to N.C. deaths during 1975 

e throu:;Jh 1978 and compares the percent change in tnadjusted deaths from 1977 to 

\..._/ 1978 to the percent change in deaths from 1978 (adjusted) to 1979 (actual). 

Where there is a large difference between the two percent changes, we may 
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Table 8 

1975-1978 Adjusted and 1979 
Actual Deaths with Percent Chanqcs 

!lortil Carolina, 1979 

Percent Differences Percent Differences 
Rati~adjusted Deaths 1979 1977 aid 1978 1978 Adjusted 4lld 

Cause 

1975 l976 l977 l971f Deaths tkladjusted Deaths• 1979 Actual Deaths 

- - - - - -DiSeases of Heart 
16,820 17,029 17,142 17,665 17,337 + l.O 

- 1.9 

Acute Myocardi.l1 Infarction 
8,401 8,342 8,219 8,325 8,076 + l.J 

- l.O 

Other IschanJ.c Heart Disease 
4,930 5,072 5,131 5,362 4,698 + 4.5 -12.4 

Hypertension With or wit:OOut Renal Disease 
221 255,, 231 183 230 -20.9 +25.7 

Ct:rebrovascular Di&e4.::ies 
5,277 5,066~· 5,047 4, 716 4,688 - 6.6 .. 0.6 

Atherosclerosis 

·11.8 

607 617 667 654 577 - 1.9 
Cancer 

7,865 8,266 8,605 8,935 9,099· + 3.8 ' + 1.8 

Diabetes Mellitus 
862 867 819 795 799 - 2.9 + o.s 

rnci.ITQlia and Influenza 
1,296 112521, 1,244 1,323 l,OSJ + 6.3 -20.4 

Chronic Obstructive Pulnnla..'"Y • ,. .. .. .. Di&e.lSe and Alliocl Caditims 
976 95(''· 918 873 1,088 +14.2 +24.6 ; 

~ic Liver Di&e.lSe and Cirrmsis 
737 666 :: 726 657• 711 .. 9.5 

+ 8.2 
. ... NePhl'itis, Ne~ic S}'hirCJ'le, 

and Ne~osis 
... 431 440 .. 538 494 445 - 8.1 .. 9.9 

Mlt:or Vehicle Accidents 
1,542 1,588 1,457 1,510 1,537 + 3.7 + 1.8 

Other Accidents and Adverse Effects 
1,707 1,551 1,637 1,622 1,512 - 0.9 .. 6.8 

Suicide 

740 683 734 658 703 Ha!U.cide and letJa1 Intarventim 
-10.4 + 6.8 783 687 636 664 667 + 4.4 + 0.5 "t.hadjus..., ..._ ..... frao t>e 1977 and 19781ead!no Causes of lt>rt.oUtJ!, and "'"Y be -.o1neo1 by divldinq tho-. in th.i.s table by the ~ability ratios in Table A. 

---·-··· .. ----· 

. 
' 

e 

.. 
• • 

e. 

• 



• I o • 

' • 
suspect that the comparability ratio does not sufficiently adjust for 

~ classification changes. Large differences (greater than 10 percent) appear for 
-other ischemic heart disease, hypertension, Plellftooia and influenza, chronic 

obstructive pulmonary disease, chronic liver disease and cirrhosis, arv.t suicide. 

In all of these cases except chronic obstructive pulmonary disease, there Is 

reversal of sign between the two percent changes, and the difference is as great 

as 46.6 ·percentage points for hypertension. For hypertension as underlying 

cause, the 1978 death figure appears to be an aberration ~th the 1979 figure 

much more in line with earlier years. This illustrates the potential ~oblem of 

using death data for a single year, especially for the less frequent causes. 

Suicide and liver disease deaths have also fluctuated substantially from year to 

year. For pneumonia and influenza, it appears that 1978 and earlier deaths 

should be doWlward adjusted by"more than .;9268 'ln-·order to bring them "in line 

~ with the Ninth Revision coding rules. 

One way to directly evaluate the validity of using the u.s. comparability 

ratios for North carolina is to directly compare adjusted deaths to the "actual 

Eighth Revision codes that correspond to ~e new Ninth Revision category. This 

comparison for chronic obstructive pulmonary diseases is given below. . . 

1976 1977 1978 

Ratio-adjusted deaths 
(1.8846 applied to Eighth 
Revision 490-493) 954 918 873 

Actual deaths due to Eighth 
Revision 490-493,518,519.3 1,024 1,075 1,235 

For Jlbrth Carolina, the comparability ratio fails to compensate for the 

-additional deaths due to 518 and 519.3. '!his is apparent also in Table a. · And 

'-"'the discrepancy has increased as certifiers use more and more the term •chronic .. 

,obstructive pulmonary disease• in lieu of a more definitive diagnosis--a prime 

9 
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example of how a ratio based on a single year's deaths may not be applicable to. 

other years. It ls therefore suq9ested that the N:HS ratio not be used in thls 

case, but rather, actual deaths due to· Ei9hth Revision codes .490-493, 518, and 

519.3 Should be determined and compared to Ninth Revision codes 490-496. 

The data in Table B sug~est that the comparability ratio for other ischemic 

heart disease does not 10 far eno~h in downward-adjustil'\9 N.C. deaths. A 

comparison of adjusted and actual deaths, sho'oln below, points to the same 

conclusion. 

Ratio-adjusted deaths 
(.7592 ap?lied to Eighth 
Revision 411-413) 

Actual deaths due to Eighth 
Revision 411,412.1, 412. 3, 413 

1976 . 1977 1978 

5,072 5,131 5,352 

4,·320~ .. ..,,._·4~337 4,622 

The discrepancy here appears related to N.C.'s greater assignment to Ei9hth. 

Revision 412.2 and 412.4 (diagnoses left out of the Ninth Revision category), 

i.e., these categories accounted for 14 percent of N.C heart disease deaths in 

1976 compared to 11 percent of u.s. heart disease deaths. Again, actual counts 

in the appropriate Eighth Revision categories would be preferable to the use of .. 
the u.s. ratio in North Carolina. These counts may be obtained from our 

Detailed Mortality Statistics volumes and corresponding county printouts or 

microfiche. 

Most classification changes do not lend themselves to the type of 

accountinq used for these tWJO cause groups since subcategories of four-digit 

codes are in many cases involved and these are not readily quantifiable. Though 

we have pointed out the major discontinuities for the causes of this volume~ the 

~~ader should be aware of other changes reported by N:HS for these causes and 

for other categories (2). 

10 
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HEALTH PROFILE FOR HAZARDOUS \·JASTE 

DISPOSAL OR TREATNENT FACILITY 
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As required in 260.395.7(5) RSMo. 1978 as·amended, a health profile 
shall be submitted with the application for a permit for either a 
disposal or treatment facility. The intended purpose of this legis
lative directive is two-fold: (1) to provide baseline data to the 
regulatory agency so as to allm'l for future comparisons and (2) to 
protect the facility owner-operator from spurious allegations of 
causing detrimental changes in the public health. One of the key 
phrases in the statute is "serious illness"; "serious illness" should 
be interpreted to mean an illne$S that may cause or significantly 
contribute to an increase in mortality or an increase in reversible 
or irreversible, incapacitating effects on the health of humans. 

The health profile should address. three main courses of data: 
mortality (death certificates). morbidity (hospital discharge), and 
natality (fetal death and birth certificates). Additionally, the 
state cancer registry and Division of Workmen's Compensation may be 
able to provide other specific information of value in describing 
the health status in the area of concern. Discussion of measurements 
of health characteristics should be focused on comparisons between 
state, county, and site specific rates. Site specific rates should 
reflect a geographic area of approximately 3 to 5 mile radius around 
the site. A minimum of five years d~a~t.ll be·required for statisti~al 
analysis and averaging of rate computations; qualitative technical 
difficulties in data resulting in time periods of less than five years 
should be fully explained and justified in the text of the report. 

In selecting health characteristics for measurement and analysis, it 
should be remembered that the statute specifically J:efers to "illness 
which might be attributable to environmental contamination." For 
wastes with known adverse health effects, conditions reflecting these 
effects should be selected for inclusion in the report; for wastes 
with unknown, or undocumented, healt~ effects, conditions reflecting 
possible routes of exposure should be selected for inclusion in the 
report. For example, mental and nervous system conditions might be 
selected to reflect the effect of heavy metal wastes; liver and kidney 
conditions might be selected to reflect the impact of organic pesticide 
wastes with unknown health effects. Time spent describing deaths 
due to automobile accidents, illnesses due to cowmunicable diseases, 
or rates of marriages and divorces will rarely be or he1p in assessing 
the impact of the site on public health. Explanation of the justification 
for including certain health measurements should be given in the narrative 
discussion in the body of the report. 

Christopher S. Bond Governor 
Fred A Lafser Director 

Division of E:nvironmental Quality 
Robert J. Schreiber Jr .• P.E. Director 



APPENDIX 2 

Health Effects-Disease-Substance Review 



Waste 

Arsenic Trioxide 

2,4-D 
2,4-Dichlorophen

oxyacetic acid 

Asbestos 

Chlordane 

Formaldehyde 

~, Phenol 

Mercury 

Toxaphene 

Barium 

Chromium VI 
Chromic acids 
Chromates 

Bis (2-ethylhexyl) 
Phthalate 

Lead 

Thiram 

Health Effects-P-is~ase-Substance Review 
lBHSJ 

Signs, Symptoms, Conditions 

Ulceration and perforation of nasal septum, 
Hyperpigmentation and hyperkeratoses of skin 
palmar and plantar surfaces; lung cancer(!) 

Hypo- and hyperexcitation of central nervous 
system with massive exposures(2), Controversary 
about induction of soft tissue sarcomas(3) 

Asbestosis, cancer of lung, mesothelioma of 
pleura and peritoneum(4) 

Blurred vision, cough, ataxia, delirium, 
convulsions, death(5) 

Irritant of eyes and respiratory tract, primary 
irritation and sensitization of skin(6) 

Irritant of eyes, mucous membrane and skin; 
system absorbtion causes convulsions, liver and 
kidney damage(7) 

Respiratory irritation, digestive disturbances, 
marked renal damage, neurologic and psychological 
disturbances, mercurialism(8) 

Convulsions, coma, death(9) 

Irritation of eyes and mucous membranes, 
pneumoconiosis(lO) 

Severe irritant of nasopharynx, larynx, lungs 
and skin; causes lung cancer(ll) 

Very low toxicity; teratogenic in mice(l2) 

Severe gastrointestinal disturbances, anemia, 
lead encephalopathy, motor weakness(l3) 

Irritant of eyes, mucous membranes and skin; 
sensitization dermatitis(l4a) 

Ninth 
ICD No. 

162 

171 

162,163 
501 

583-585 

502-504 

162 
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Waste 

Cyanides 
(alkalai) 

Manganese 

Pentachloraphenol 

Linda:.~ 

Endrin 

Methoxychlor 

·~ Maleic Anhydride 

Signs, Symptoms, Conditions 

Metabolic asphyxiation and rapid death(l4b) 

Chronic exposure causes a condition similar to 
Parkinson's disease. Headache, personality 
changes(l5) 

Irritation of eyes and upper respiratory tract, 
increased metabolic rate, weakness, anorexia, 
weight loss, sweating, fever; chloracne(l6) 

., 

Irritation of eyes, nose, throat; convulsions; 
cyanosis. May cause aplastic anemia(17). 

Epileptiform convulsions, dizziness, lethargy, 
anorexia(l8) 

A convulsant with low toxicity for humans(l9) 

Severe irritation and sensitization of skin and 
respiratory tract. Dermatitis and bronchial 
asthma(20) 

Ninth 
ICD No. 

493 
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APPENDIX 3 

Charts and Methods Used to Determine 95% Confidence 

Intervals on Rates and Differences among Rates 



CHART 1 

95% Confidence Interval 

Denominator Single Rates 

Number 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

100 ±9.8 ±13.9 ±17.0 ±19.6 ±21.9 ±24.0 ±25.9 ±27. 7 
250 6.2 8.8 10.7 12.4 13.8 15.2 16.4 17.5 
500 4.4 6.2 7.6 8.8 9.8 10.7 11.6 12.4 

1,000 3.1 4.4 5.4 6.2 6.9 7.6 8.2 8.8 
2,000 2.2 3.1 3.8 4.4 4.9 5.4 5.8 6.2 
·2,500 2.0 2.8 3.4 3.9 4.4 4.8 5.2 . 5.5 
5,000 1.4 2.0 2.4 2.8 3.1 3.4 3.7 3.9 

10,000 1.0 1,4 1. 7 2.0 2.2 2.4 2.6 2.8 
25,000 0.6 0.9 1.1 1.2 1.4 1.5 1.6 1.8 
50,000 0.4 0.6 0.8 0.9 1.0 1.1 1.2 1.2 

100,000 0.3 0.4 0.5 0.6 0.7 0.8 0.8 0.9 
250,000 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 
500,000 0.1 0.2 0.2 0.3 0.3 0.3 0.4 0.4 

~ Denominator Single Rates 

Number 25 30 40 50 60 70 80 90 

100 31.0 33.9 39.2 43.8 48.0 51.8 55.4 58.8 
250 19.6 21.5 24.8 27.7 30.4 32.8 35.1 37.2 
500 13.8 15.2 17.5 19.6 21.5 23.2 24.8 26.3 

1,000 9.8 10.7 12.4 13.8 15.2 16.4 17.5 18.6 
2,000 6.9 7.6 8.8 9.8 10.7 11.6 12.4 13.1 

' 2,500 6.2 6.8 7.8 8.8 9.6 10.4 11.1 11.8 
5,000 4.4 4.8 5.5 6.2 6.8 7.3 7.8 8.3 

10,000 3.1 3.4 3.9 4.4 4.8 5.2 5.5 5.9 
25,000 2.0 2.1 2.5 2.8 3.0 3.3 3.5 3.7 
50,000 1.4 1.5 1.8 2.0 2.1 2.3 2.5 2.6 

100,000 1.0 1.1 1.2 1.4 1.5 1.6 1.8 1.8 
250,000 0.6 0.7 0.8 0.9 1.0 1.0 1.1 1.2 
500,000 0.4 0.5 0.6 0.6 0.7 0.7 0.8 0.8 



) ) ) 

CHART 2 
95% Confidence Interval for Differences of Two Rates 

Confidence Interval I 
Cl 2 

.2 .4 .6 .8 1.0 1.5 2.0 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

.2 .3 .4 .6 .8 1. 0 1.5 2.0 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

.4 .6 .7 .8 1.0 1.6 2.0 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

.6 .8 1.0 1.2 1.6 2.1 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

.8 1.1 1.2 1.7 2.2 3.1 4.1 5.1 7.5 10.0 12.5 15.0 20.0 25.0 30.0 
1.0 1.4 1.8 2.2 3.2 4.1 5.1 7.6 10.0 12.5 15.0 20.0 25.0 30.0 
1.5 2.1 2.5 3.4 4.3 5.2 7.6 10.1 12.6 15.1 20.0 25.0 30.0 
2.0 2.8 3.6 4.4 5.4 7.8 10.1 12.6 15.1 20.1 25.1 30.1 
3.0 4.2 5.0 5.8 8.1 10.4 12.8 15.3 20.2 25.2 30.1 
4.0 5.6 6.4 8.5 10.8 13.1 15.5 20.4 25.3 30.2 
5.0 7.1 9.0 11.2 13.5 15.8 20.6 25.5 30.4 
7.5 10.6 12.5 14.6 16.8 21.4 26.1 30.9 

10.0 14.1 16.0 18.0 22.4 26.9 31.6 
12.5 17.7 19.5 23.6 28.0 32.5 
15.0 21.2 25.0 29.2 33.5 
20.0 28.3 32.0 36.0 
25.0 35.4 39.0 
30.0 42.4 

Note: Used in conjunction with Chart 1: see Appendix 3 (continued). To use this chart determine the confi
dence interval for each rate from Chart 1 and find the confidence interval for the difference of the rates from 
this chart. 

0 ± .J\.C.I.t)2 + (C.I.2)2 

e e e. 



CHART 2 (continued) 
95% Confidence Interval for Differences of Two Rates 

Confidence Interval 1 
Cl 2 

40.0 50.0 60.0 70.0 80.0 90.0 

.2 40.0 50.0 60.0 70.0 80.0 90.0 

.4 40.0 50.0 60.0 70.0 80.0 90.0 

.6 40.0 50.0 60.0 70.0 80.0 90.0 

.8 40.0 50.0 60.0 70.0 80.0 90.0 

1.0 40.0 50.0 60.0 70.0 80.0 90.0 

1.5 40.0 50.0 60.0 70.0 80.0 90.0 

2.0 40.0 50.0 60.0 70.0 80.0 90.0 

3.0 40.1 50.1 60.1 70.1 80.0 90.0 

4.0 40.2 50.2 60.1 70.1 80.1 90.1 

~ 
5.0 40.3 50.2 60.2 70.2 80.2 90.1 

7.5 40.7 50.6 60.5 70.4 80.4 90.3 
10.0. 41.2 51.0 60.8 70.7 80.6 90.6 

12.5 41.9 51.5 61.3 71.1 81.0 90.9 

15.0 42.7 52.2 61.8 71.6 81.4 91.2 

20.0 44.7 53.8 63.2 72.8 82.5 92.2 

25.0 47.2 55.9 65.0 74.3 83.8 93.4 

30.0 50.0 58.3 67.1 76.2 85.4 94.9 

40.0 56.6 64.0 72.1 80.6 89.4 98.5 

50.0 70.7 78.1 86.0 94.3 103.0 

60.0 84.8 92.2 100.0 108.2 

70.0 99.0 106.3 114.0 

80.0 113.1 120.4 

90.0 127.3 



Methods Used to· Derive Confidence Interval Tables 

ASSESSING STABILITY OF RATES AND CHANGES IN RATES 

· As indicated on page 4, an area's infant 
mortality rate (or any other rate) cannot be 
taken as the true rate for that area. It is an 
estimate and as such its variability must be 
assessed. The simplest method for doing this 
is the computation of a 95-pcrccnt confidence 
interval. This interval is defined so that it has 
95-pcrccnt probability of including the true 
rate. The formula and an example arc given in 
figure 3. The computations shown arc derived 

under the assumption that the number· of 
deaths in ·an area has a Poisson distribution.l4 

A useful rule is that any rate based on 
fewer than 20 cases in the numerator will 
have a 95-percent confidence interval which i~ 
about as wide as the rate itself (i.e., from O.Sr 
to 1.5r). Roughly speaking, this means all that 
can confidently be said about an area with 20 
deaths out of, say, 1,000 live births is that the 
true rate !s within 20 ± 10 per 1,000. Clearly 

Figure 3. Confidence intervals for rates. 

Let r • rate per 1,000 (e.g., infant mortality rate) 

n • denominator upon which rate is based (e.g., number of live births or number of live births plus 
fetal deaths) 

The limits of the 95-pucent confidence interval are: 

upper limit: r + 61".981 ~ 

lower limit: r- 61.981 J'+ 
For an area with S deaths and 100 live births: 

s 
r• TOO X 1,000 • SO 

61.981 .J:f ··61.981 .J'Jjf.. 3!.948 

upper limit: 6!.948 

lower limit: -!.948 

In this case the limits are so wide that ~he interval (-4.0, 64.0) includes negative values, which are impossible. 

Suppose the numbers of births and deaths increased tenfold. Then r • 
1 
:~o X 1,000 • .30 

61.981 rt . 61.981 ~ = 10.735 • 

upper limit: 40.7!5 

lower limit: 19.26~ 

' 

The interval (19.5, 40.7) is much narrower than the one in the rU'St situation, but it still shows that the 
area's true rate is not known with much precision. 

Source: Statistical Notes for Health Planners: Joel C. Kleinman, Number 2, 
July 1976, National Center for Health Statistics, Hyattsville, Md. 



Figure 4. Confidence intervals for the ratio of two independent rates. 

Let 
r
1 

• rate for period 1 (or area 1) 

d
1 

• number of deaths for period 1 (or area 1) 

r 
2 

• rate for period 2 

d 
2 

• number of deaths for period 2 

R • r1/r2 

Then the limits of the 95-percent confidence interval are 

upper limit: R + 1.96.(l j i 1 
+ -

. l d2 

R-1.96R j ~ 1 
+ -

d2 l 
lower limit: 

Consider the following example: 

Year 
Number of 

infant deaths 

1961-65 
1966-70 

40 
R • - • 1.6 

25 

1.96R j; 
1 

200 
100 

1 
+ - - 1.96 (1.6) (.1225) •• !84 

d2 

upper limit: 1.6 + .!84 .. 1.984 

lower limit: 1.6- .!84 • 1.216 

Number of 
live births 

5,000 
4,000 

Infant mortality 
rate per 1,000 

40 
25 

I 

Thus the rate in 1961-65 is from 1.22 to 1.98 times the 1966-70 rate with 95-percent confidence. Since 
this interval does not include 1, there was a statistically significant (P<.05) decrease in the area's infant 
mortality rate. 

The confidence interval for the ratio of two mdependcnt rates can also be easily obtained hom the confi· 
dence intervals for each rate. If the confidence intervals for each rate are 

r
1 

:t 61.981 ;;;-• r1 :t CL1 
1 

r
2 

± 61.981 

r 
then the confidence interval for R •...!. is 

r2 

r;: 
y -;? • r ± CL 

" 2 2 2 



Figure 5. Confidence intervals for the difference between two independent rates. 

r 1 • rate for period 1 (or area 1) 

ra1 • denominator upon which r 
1 

is based 

r 2 • rate for period 2 (or area 2) 

ra2 • denominator upon which r 
2 

is ba.ed 

D • "1 _,.2 

The limits of the 95-percent confidence interval are 

upper limit: D + 61.981 j '1 

"1 

j '1 

"1 
· lower Umit: D- 61.981 

Using the same example u in f"JgUI'e ~. 

j 

D • 40-25 •15 

'1 40 
"1 • 5,000 • .008 

'2 25 
4,000 • .00625 --"2 

• ~-.1194 

61.981 
. '2 
+
·- ,.2 - 7.599 

upper limit: 15 + 7.599 - 22.599 

lower limit: 15 - 7.599 • 7.601 

'2 
+-

"2 

'2 
+-

"2 

Thus the difference between the two rates is between 7.6 and 22.4 with 95-percent confidence. Since·this 
interval does not include zero, the rates are significantly different at the 5-percent level. 

The confidence interval for the difference between two independent rates can also be easily obtained 
from the confidence intervals for each rate. If the confidence intervals for each rate are 

'1 ± 61.981 fi .. '1 ± CL
1 ,.1 

'2 :t 61.981 fi. 
,.2 

'2 :t CL2 

then the confidence interval for D • r 
1 

- r 
2 

is 

D :t j CL: + CL: 



APPENDIX 4 

Warren County and Surrounding Area 

Waste Site Operation 

(Zip Code 63390) 
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APPENDIX 5 

TABLES 



TABLE 1 

Resident Live Births, Birth Rates, Fertility Rates, by Surrounding 
Site, Warren County, Aggregate Counties,* 

and Missouri: 1980 

Surrounding 
Site 

Births 67 

Birth Rate1 17.1 

Fertility Rate2 NA 

1 Births per 1000 population. 

2 Births per 1000 women age 15-44. 

Warren 
County 

253 

17.0 

81.3 

Aggregate 
Counties 

3314 

18.3 

79.8 

Missouri 

78,588 

16.0 

71.0 

Sources: Missouri Vital Statistics 1980; and unpublished data from 
Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 2 

Number and Rate of Fetal Deaths by Surrounding 
Warren County, Aggregate Counties,* 

Site, 

and Missouri, by Time Periods 

Years Surrounding Warren Aggregate 
Missouri Site County Counties 

1977-80 

Number of 
Fetal Deaths 4 7 89 2,840 

Fetal Death 
Rate 1 16.5 7.8 7.2 9.5 

1972-76 

Number of 
Fetal Deaths 3 10 122 4,078 

Fetal Death 
Rate1 13.5 11.5 10.2 11.7 

1 Fetal deaths per 1000 live births. 

Sources: Missouri Vital Statistics; and unpublished data from Mis
souri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 



TABLE 3 

Number and Rate of Low Birth Weight Infants by Surrounding 
Site, Warren County~ Aggregate Counties,* 

and Missouri, by Time Periods 

Year Surrounding Warren Aggregate Missouri Site County Counties 

1977-80 

Low Birth 
Weight lnfants1 23 67 668 20,469 

Rate of Low 
Birth Weight 94.7 75.1 54.4 68.2 

1972-76 

Low Birth 
Weight lnfantsl 21 75 797 25,466 

Rate-of Low 
Birth Weight 92.5 86.6 66.4 73.2 

1 Births under 2501 grams per 1000 live births. 

Sources: Missouri Vital Statistics; and unpublished data from Mis
souri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 4 

Number and Rate of Live Births with Congenital Malformations 
by Surrounding Site, Warren County, Aggregate 

Counties,* and Missouri: 1979 

Type (ICD-9- Surrounding Warren Aggregate Missouri 
CM Code) Site County Counties Total 

740-742 0 0 7 82 
743-744 0 0 2 99 
745-747 0 2 8 255 

748 0 1 1 40 
749 0 0 5 84 

750-751 0 0 6 167 
754-756 1 1 13 335 

757 0 0 4 165 
758 0 0 2 52 
759 0 0 3 40 

~------------------------------------------------------------------------
Total Anomalies 2 5 64 2,067 

Total Births with 
Anomalies 2 5 55 1,822 

Total Births 43 141 1,939 56,850 

Total Births 
with Anomalies 

Total Births x (1000) 46.5 35.4 28.4 32.0 

Sources: Missouri Hospital Discharge Data, 1979, from Missouri Center 
for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 5 

Number and Rate Perinatal and Neonatal Deaths by Surrounding 
Site, Warren County, Aggregate Counties-,* 

Years 

1977-80 

Perinatal 

Neonatal 

Perinatal 

Neonatal 

1972-76 

Perinatal 

Neonatal 

Perinatal 

Neonatal 

and Missouri in Two Time Periods 

Surrounding 
Site 

Warren 
County 

Number of Events 

9 19 

5 12 

Rate per 1000 live births 

37.2 

20.6 

21.3 

13.5 

Number of Events 

6 

3 

27 

17 

Rate per 1000 live births 

26.4 

13.2 

31.2 

19.6 

Aggregate 
Counties 

169 

80 

13.8 

6.5 

261 

139 

21.7 

11.6 

Missouri 

5,717 

2,877 

19.0 

9.6 

8,357 

4,279 

24.0 

12.3 

Sources: Missouri Vital Statistics; and unpublished data from 
Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
j 

! 
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TABLE .6 

Number and Rate of Infant Deaths (Excluding Accidental or 
Violent Deaths) by Surrounding Site, Warren County, 

Aggregate Counties,* and Missouri 
in Two Time Periods 

Surrounding Warren Aggregate Missouri Site County Counties 

1977-80 

Number of 
Infant Deaths 8 15 111 3,991 

Infant 
Death Rate1 · 32.9 16.8 9.0 13.3 

1972-76 

Number of 
Infant Deaths 6 20 162 5,684 

Infant 
Death Rate1 26.4 23.1 13.5 16.3 

1 1nfant deaths per 1000 live births (excluding accidental or violent 
deaths). 

Sources: Missouri Vital Statistics 1976-80; and unpublished data 
from Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

e 



TABLE 7 

Number and Rate of Infants Born with Gestation Period of Less 
Than 37 Weeks, by Surrounding Site, Warren County, 

Aggregate Counties,* and Missouri 
in Two Time Periods 

Surrounding Warren Aggregate Missouri Site County Counties • 

1977-80 

Number with < 37 
weeks gestation 30 89 837 231883 

Rate with < 37 
weeks gestation 123.5 99.8 68.1 79.5 

~ 1972-76 

Number with < 37 
weeks gestation 18 68 834 28,756 

Rate with < 37 
weeks gestation 79.3 78.5 69.4 82.7 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren 1 Lincoln 1 and St. Charles. 
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TABLE 8 

Number and Rate per 1000 Live Births with 5 Minute Apgar Score 
< 8 by Surrounding Site, Warren County, Aggregate 

Counties,* and Missouri: 1978-80 

Surrounding Warren Aggregate 
Missouri Site County Counties 

Number with Apgar 
Score Less than 8 10 29 313 10,812· 

Percent with Apgar 
Score Less than 8 54.6 42.8 32.8 47.6 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 



TABLE 9 

Number and Rate of Malignant Neoplasm Deaths by Surrounding 
Site, Warren County, Aggregate Counties,* 

and Missouri: 1979-80 

Cause (ICD-9 Surrounding Warren Aggregate Missouri Category) Site County Counties 

Number of Events 

Digestive (150-159) 1 7 96 4,956 

Respiratory (160-165) 1 8 121 5,440 
Leukemia (204-208) 0 0 17 789 

Other Sites 10 31 200 8,606 
Total (140-208) 12 46 434 19,791 

Rate per 100,000 population 1 

Digestive (150-159) 25.5 40.3 53.0 100.8 

Respiratory (160-165) 25.5 53.7 66.8 110.6 

Leukemia (204-208) 0.0 0.0 9.4 16.0 
I 

Other Sites 255.4 208.1 110.4 175.0 

Total (140-208) 306.4 308.7 239.5 402.5 

Source: Missouri Center for Health Statistics. 

*Aggregate. counties include Warren, Lincoln, and St. Charles. 

11980 population used as denominator. 
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TABLE 10 

Number and Rate of Hospital Discharges for Malignant Neoplasms 
by Surrounding Site, Warren County, Aggregate Counties,* 

and Missouri: Annual Average, 1979 

Cause (I CD-9-CM Surrounding Warren Aggregate Missouri Category) Site County Counties 

Number of Events 

Digestive (150-159) 3 16 101 5,696 

Respiratory (160-165) 1 8 121 5,305 

Leukemia (204-208) 0 0 32 1,138 

Other Sites 16 51 476 22,264 

Total (140-208) 20 75 730 34,803 

Annual Rate per 10,000 Population 

Digestive (150-159) 7.7 10.7 5.6 11.6 

Respiratory (160-165) 2.6 5.4 6.7 10.8 

Leukemia (204-208) 0.0 0.0 1.8 2.3 

Other Sites 40.9 34.2 26.3 45.3 

Total (140-208) 51.1 50.3 40.3 70.8 

Source: Missouri Center for Health Statistics, 1979. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 



TABLE 11 

Number of Selected Primary Diagnoses of Hospital 
Discharges by Site, Warren County, Aggregate 

Counties,* and Missouri: 1979 

Cause (ICD-
9-CM) Category) 

2771 

284 
3577 

4781 

4930 
501 

502 
503 
504 

584 

585 

9890 

9892 

9893 

9894 
9895 

9896 
9898 
9899 
Total 

Total Discharges 

Surrounding 
Site 

Warren 
County 

Number of Events 

0 

445 

1 

1 

1 

1 

4 

1,732 

Aggregate 
Counties 

2 

6 

2 

1 

2 

14 

1 

2 

4 

2 

36 

15,970 

Missouri 

23 

297 

6 

233 
164 

10 
11 

3 

3 

177 

1,018 

3 

4 

27 

41 
299 

2 

30 

10 
2,361 

651,736 

Source: Unpublished data from Missouri Center for Health Statis
tics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 12 

Number and Rate of Infant Deaths 1 (excluding accidental or violent deaths) by 
Surrounding Site, Warren County, Aggregate Counties,* and 

Missouri by Years, 1972-1980 

1972 1973 1974 1975 1976 1977 1978 1979 1980 

Surrounding Site 

Accidental 0 0 0 0 0 0 1 0 0 
Non-accident 2 2 1 0 1 1 1 3 3 
Infant Death Rate 58.8 40.8 20.8 00.0 21.7 16.6 18.8 47.6 . 44.8 

Warren Count~ 

Accidental 0 0 0 0 0 0 1 0 0 
Non -accidental 5 4 5 4 2 5 2 3 5 
Infant Death Rate 27.9 28.5 27.6 22.4 10.6 23.4 9.6 13.8 19.8 

Aggregate Count~ 

Accidental 1 1 2 1 1 1 1 0 1 
Non -accidental 36 36 32 38 20 34 25 26 26 
Infant Death Rate 15.0 15.0 13.2 16.1 7.9 12.3 8.3 8.0 7.8 

Missouri 

Accidental 54 52 47 35 26 31 36 39 32 
Non~accidental 1275 1167 1128 1088 1026 1007 1043 1003 938 
Infant Death Rate 17.6 17.0 16.2 15.8 14.9 13.8 14.4 13.2 11.9 

1 1nfant deaths (excluding accidental or violent deaths) per 1000 live births. 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, lincoln and St. Charles. 

e e e. 



• 

. !
 

. 
i 

I 
.
.
.
.
.
 )
.
·
:
.
 

..
. 

• 
. 

.!
 

'
•
 

' 
I 

I 
. 
--

t-
--

t~
-~
-
-
'
-
-
:
 _
_

 ,
.
_
~
 

1
--

t-
--

+
-.

-
.. 

-1p
-; :

:· .
::~

v:·
 : ...

 : ::
· :;

=;;
;: 

l.
 c;

, 
! 

. 
: 

p--
n-+

-
--r 

r;
:-

-

I 
:.

 

s 
.·· .

. ~
 

;..
:•·

· 
~.
 

":
. 

.....
 

....
....

 
..

 . ·• 

-1
-.

 
~
 

..
 : 

__.
, 

:! 
:: 

=:
:.;:

::. 
~-

~J
~:

: 
:-:.

::,.
:.::

: -
~:

t:
::

 
:.:

1.
·· 

. 
:"

'\
.!

 
• 

• 
• 

1 
• 

· 
• 

· 
• 

•· 
· 
t. 

· •
 

· ~~
-

• 
· 

·• 
· · 

t ·
 

; 
. '

\:
 

:. 
; 

: .
..

..
..

 
. 

·•·
 .

 

..
..

..
. 

::
:r

::
: 

::
::

,.
~:

·:
 ..

 :~
 
.:

::
::

 :
~·

 
;:

:·
..

 
..

. 
. 

..
 

..
 

..
 .

 
'\.

. 
--

• 
. 

::
;:

.·
: 

.:
 .. 

:~
::
:.
:.
: 

::
:.:

 .. r
:.

.:
:·

. 
-·

--
4

··
··

· 
~
'
-

:; 
.:::

 ;
=::

: ·:
_ F

::: 
__ :

;•:
-

-.
.. 

. 
. .

. 
. .

 : 
\ 

... 

! ! 
'i 

.I
 I 

' ,. 

, 
, 

: ..
.. 

:.·
:::

:: 
...

.. 
:--

-
.. ·

-·
--

,r
,·

:.
_

!i.
 

:.
::

 
!
'·

· 
-!.

 
·-

r-
.·:

· 
:1

::
:~

--
. 

I 
·.·!'

·· 
.. 

I 
·j 

j~
: 

.·:
 .

. 
::

:·
:r

:-
::

 :
::

::
::

::
: 

::
:-

.. j
::

::
 .

.
.
.
.
.
 :
·
.
,
 

.
.
 

1.
. 

I 
·:·_

._:.
-.·.

·.·.·
_'t:

. 
·-"

.··:
:_:

 ..
. t,·~·_,

_.·:_~:
:·= __ ._

:_ 
·..._

.:.: 
II 
..

..
..

 -,
: 

.. 
j 

• 
: ..

.. 
· i

 ~
:
 

·.:
_~ 

. · 
i· 

~ 
-.
::
t~
~:
 :

~:
-v

: 
:~
:L
-~
: 

:~
:t
::
~ 

~::
 t
~ .. 
~-

> 
· ' 

1 
, 

i -
:: 

.I
 



.e 

•• 

TABLE 13 

Standardized Mortality Ratio* of Malignant Neoplasm Deaths 
for Aggregate Counties and Missouri: 1979 and 1980 

Neoplasm 
Sites 

(ICD-9) 

Digestive 
(150-159) 

Respiratory 
(160-165) 

Leukemia 
(204-208) 

Other Sites 

All Sites 
(140-208) 

Aggregate Counties** 

1979 
SMR 

<x2 (1)) 

.655 
(6.56)+ 

.911 
(0.49) 

.863 
(0.18) 

1.112 
(1.24) 

.935 
(0.96) 

1980 
SMR 

<x2 (1)) 

1.032 
(0.06) 

.955 
(0.14) 

.926 
(0.05) 

.847 
(2.49) 

.925 
(1.37) 

Missouri 

1979 
SMR 

(x2 (1)) 

.996 
(0.04) 

1.008 
(0.17) 

1.078 
(2.29) 

1.026 
(2.78) 

1.015 
(2.28) 

1980 
SMR 

1.000 

1.000 

1.000 

1.000 

1.000 

*Computed using the 1980 Missouri specific rates as the 
standard. 

**Include Warren, Lincoln, and St. Charles Counties. 

+Significantly different from the standard (Missouri, 1980) 
at • OS level. 



~. 

TABLE 14 

Standardized Ratio of Malignant Neoplasm Hospital Discharges 
for Aggregate Counties: 1979 

Neoplasm Standardized Standardized 

Sites Morbidity Proportional Relative 
(ICD-9) Ratio* Morbidity** SMR*** 

<x2 (1)) Ratio 

Digestive .768 .851 .902 
(150-159) (7.08)+ (2.63) 

Respiratory .948 1.163 1.114 
(160-165) (0.34) (2.75) 

Leukemia .918 1.019 1.079 
(204-208) (0.23) (0.011) 

Other Sites .845 1.000 .993 
(13.62)+ (0.00) 

All Sites .851 1.000 1.000 
(140-208) (19.oot (---) 

*Computed using the 1979 Missouri age-specific morbidity 
rates as the standard. 

**Computed using the 1979 Missouri age-specific proportions of 
all neoplasms as the standard. 

***Computed dividing SMR of specific neoplasm by SMR of all 
neoplasm sites. 

+Significantly different from unity at .05 level. 



APPENDIX 6 

Time Series 



Time Series Analysis 

The problem of assessing the impact of a discrete intervention on an 

environmental or social process can be conceptualized as quasi-experimental 

time series as suggested by Campbell and Stanley (1966). In this concep-

tualization, an intervention (establishment of a dump site) breaks the time 

series into two segments, pre-intervention and post-intervention series. 

The null hypothesis that the intervention had no impact on the time series 

can be tested by comparing the pre· and post-intervention segments of the 

time series. 

While the conceptualization appears to be simple, the statistical analysis 

of quasi-experimental time series requires careful deliberation considering 

the nature and scope of the data. Ordinary least-squares regression esti· 

mates which assume uncorrelated adjacent error terms are seldom well suited 

~ for time series data. When the structure of serial dependence is known, 

the difference between pre· and post-intervention series levels may be 

estimated from a generalized least-squares model. However, this approach 

is of limited use, since the structure of serial dependence is seldom known. 

A more practical approach is empirical modeling of serial dependence as a 

time series process. In any time series, there may· be three sources of 

11 noise11 which could obscure the intervention: (1) trend, seasonality, and 

random error. The analysis will be confounded if the model does not ac· 

count for these types of 11 noise. 11 For the purpose of accounting for all 

three types of 11 noise, 11 the general class of Auto Regressive Integrated 

Moving Average (ARIMA) models can be used. [The use of ARIMA models 

for analyzing time series quasi-experiments is suggested by Box and Tiao 

e (1975).] Once these sources of variance have been modeled, the impact of 

an intervention can be tested and measured. 



The problem of building an ARIMA model for a time series is not a 

routine task. Unless the AR IMA model is statistically adequate and par- e 
simonious (or substantially meaningful), its application will lead to invalid 

inferences. The model building strategy calls for an interative procedure. 

First, a model should be identified based on the autocorrelation and partial 

autocorrelation functions, parameters need to be estimated, and then the 

model should be diagnosed for statistical adequacy examining the model 

residuals. If the model is not satisfactory, it is necessary to return to the 

identification stage to explore other possibilities. For example, the series 

is non stationary, it needs to be differenced. There may be many A RIMA 

models which will fit a time series, but only one of these models will be the 

most parsimonious for the given task. The model building therefore re

quires not only statistical expertise but also thorough understanding of the 

-- nature of the time series process and the intervention. 

,.,-, 
' 

Once a proper model has been built this model can be used for impact 

assessment. If addition of the intervention component to the model in-

creases the explanatory power of the model by a statistically significant 

quantity, we may conclude that the external intervention has had a statisti-

cally significant impact on the time series. The intervention component can 

be specified in several distinct functions. We think of the impact in terms 

of two characteristics: onset and duration. An impact on a time series 

may be either abrupt or gradual in onset and either permanent or tempo

rary in duration. Based on these characteristics four patterns of impact 

can be conceptualized. Based on the nature of the problem, we can select 

one of these impact patterns, so the null hypothesis will concern not only 

the statistical significance of an impact but also on its form. Considering 

the nature of our problem, it is reasonable to test for a gradual, permanent 

impact. 
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Resident Live Births by Surrounding Sites, 
Warren County, Aggregate Counties,* 

and Missouri, 1972-1980 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Number Number Number 

1980 67 253 3,314 78,588 

1979 63 216 3,211 76,056 

1978 53 209 3,009 72,654 

1977 60 214 2,755 72,957 

1976 46 188 2,539 68,781 
~\ 

1975 so 178 2,364 68,442 

1974 48 181 2,423 69,412 

1973 49 140 2,293 68,605 

1972 34 179 2,392 72,597 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and 
St. Charles. 



Number and Rate* of Live Births Under 2500 Grams by 
Surrounding Site, Warren County, Aggregate 

Counties, and Missouri 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Rate* Number Rate* Number Rate* Number Rate* 

1980 8 119.4 22 87.0 189 57.0 5249 66.8 

1979 5 79.4 13 60.2 184 57.3 5102 67.1 

1978 6 113.2 15 71.8 153 50.8 5073 69.8 

1977 4 66.7 17 79.4 142 51.5 5045 69.2 

~ 
1976 3 ·. 65.2 11 58.5 147 57.9 4997 72.7 

1975 3 60.0 19 106.7 170 71.9 4949 72.3 
I 

1974 5 104.2 18 99.4 161 66.4 5156 74.3 

1973 5 102.0 16 114.3 151 65.9 5006 73.0 

1972 5 147.1 11 61.5 168 70.2 5358 73.8 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren 1 Lincoln 1 and St. Charles. 

**Rate per 11 000 live births. 



Number and Rate* of Fetal Deaths by Surrounding Site, 
Warren County, Aggregate Counties,** and 

Missouri, 1972-1980 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Rate* Number Rate* Number Rate* Number Rate* 

1980 0 0.0 0 0.0 13 3.9 680 8.7 

1979 1 15.9 1 4.6 34 10.6 693 9.1 

1978 2 37.7 3 14.4 20 6.6 719 9.9 

1977 1 16.7 3 14.0 22 8.0 748 10.3 

1976 0 0.0 2 10.6 21 8.3 750 10.9 
~-~.\ 

1975 1 20.0 3 16.8 30 12.7 788 11.5 

1974 1 20.8 2 11.0 29 12.0 848 12.2 

1973 1 20.4 3 21.4 25 10.9 812 11.8 

1972 0 0.0 0 0.0 17 7.1 880 12.1 

Source: Missouri Center for Health Stati sties. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

*Rate per 1,000 live births. 



• 
Number and Rate* of Perinatal Deaths by Surrounding Sites, 

Warren County, Aggregate Counties,** and Missouri, 
1972-1980 

Surrounding 
Site Warren Aggregate 

Counties Missouri 
Year 

1980 

.1979 

1978 
1977 
1976 

1975 

1974 
1973 

1972 

Number Rate* Number Rate* Number Rate* 

1 

4 

3 

1 

0 

1 

2 

2 

1 

14.9 

63.5 

56.6 
16.7 
0.0 

20.0 
41.7 

40.8 

29.4 

3 

4 

5 

7 

3 

6 

7 

6 

5 

11.9 
18.5 

23.9 
32.7 
16.0 

33.7 
38.7 

42.9 
27.9 

32 
54 

34 
49 
37 

59 

62 
56 
47 

9.7 
16.8 

11.3 
17.8 
14.6 

25.0 

25.6 
24.4 

19.6 

Source: Missouri Center for Health Statistics. 

Number Rate* 

1320 
1416 

1498 
1483 
1497 

1596 

1711 

1689 
1864 

16.8 
18.6 

20.6 
20.3 
21.8 

23.3 

24.6 

24.6 
25.7 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

*Rate per 1,000 live births. 



Number and Rate* of Neonatal Deaths by Surrounding Sites, 
Warren County 1 Aggregate Counties 1 ** and Missouri 1 

1972-1980 

Surrounding 
Site Warren Aggregate 

Counties Missouri 
Year 

Number Rate* Number Rate* Number Rate* Number 

1980 
1979 

1978 
1977 
1976 
1975 
1974 
1973 

1972 

1 

3 

1 

0 

0 

0 

1 

1 

1 

14.9 
47.6 

18.9 

0.0 
0.0 

0.0 
20.8 

20.4 

29.4 

3 

3 

2 

4 

1 

3 

5 

3 

5 

11.9 
13.9 

9.6 
18.7 
5.3 

16.8 
27.6 

21.4 

27.9 

19 
20 

14 

27 
16 
29 
33 

31 

30 

Source: Missouri Center for Health Statistics. 

5.7 
6.2 

4.7 

9.8 

6.3 
12.3 
13.6 
13.5 

12.5 

640 
723 

779 
735 
747 
808 

863 
877 

984 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

*Rate per 11 000 live births. 

Rate* 

8.1 
9.5 

10.7 

10.1 
10.9 

11.8 

12.4 
12.8 

13.6 



Number and Rate* of Births of Gestation Under 37 Weeks 
Surrounding Site, Warren County, Aggregate 

Counties,** and Missouri, 1972-1980 

Year Number Rate* Number Rate* Number Rate* Number Rate* 

1980 10 149.3 28 110.7 223 67.4 6344 80.7 

1979 11 174.6 23 106.5 227 70.7 6000 78.9 

1978 6 113.2 16 76.6 199 66.1 5926 81.6 

1977 3 50.0 22 102.8 188 68.2 5613 76.9 

1976 2 43.5 10 53.2 180 70.9 5831 84.8 

1975 4 80.0 17 95.5 165 69.8 5474 80.0 

~' 1974 6 125.0 19 105.0 174 71.8 5592 80.6 

1973 4 81.6 9 64.3 164 71.5 5685 82.7 

1972 2 58.8 13 72.6 151 63.1 6174 85.0 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

**Rate per 1000 live births. 
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APPENDIX 7 

Method and Use of SMR and SPMR 

Analysis and Interpretation 

i 
' I 
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• ~8L( -URTIIER ANALYSIS OF QUALITATIVE DATA 
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4,mt'I:J~ I? Sl~/t"~d ~" : 
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' . 
• tne same an each case. .•.•• ·- -· ........ _..J 

INDIRECT METHOD 

This method is more easily thought of as a comparison of observed and 
expected deaths than in terms of standardiled rntes. rn the special 
population the total number of deaths observed is L'•· The number of 
deaths expected if the afe-specific death rates were the same as in the 
standard population is r_,,P,. The overall mortality experience of the 
special population may be expressed in terms of that of the standard 
population by the ratio of observed to expected deaths: 

rr, 
M-'t" p. (12.22) 

J.llt ' 

When multiplied by 100 and expressed as a percentage, (12.22) is 
known as the Stmulnrdi:rd Mqrtq!in· Ratiq CS M R l 

To obtain the variance of M we can usc the result var(r1) == 11tp;q
1
, and 

regard the r, as const:mts without any sampling fluctuation (sint·e we 
shall often want to c,,mparc one SM R with :another· using the s:amc 
standard population; in any case the standard ropui:Hion will often be 
much larger than the special population, and var(Pf) will be much 

SECTION I :!.6 

smaller th:m \'ar(t•t}). This gi\·es 
r_,,,,,,, 

\"ilr(.\1):.· ,. I' .•. 
( _,; ; ·-

As u~;tml, if the p1 arc small. q,a:J und 

\ .. ,,.c \t)-' L'' . . -(,. , , ... 
.;_Ill I • 

ce ( 
•• . 

311 

(12.23 

(12_.24 

If the purpo!'e of c:akulating var(M) is to sec whether M dilfer 
~i~nificantly from unity. var(r,) could N: taken as 111/'1Q1, o.n lh 
a~;sumrtion that ,, dilli:rli from :t popul.ation value ri by samplin 
nuctuation~. If again the 1', :~rc small. and Q,::::::l, we h~l\·c 

~ ,,p, I 
var(M) ~ ~ 1, )" = ,.- p. 

(~"· I - L"' f 

the recirrocal of the total expected deaths. Denoting the numerator and! 
denominator of ( 12. 22) by 0 and E (for 'observed' and 'expected'), an 
approximate significance test would be to re!!ard 0 as following a 
Poisson distribution with mean E. Jf E i~ not too ~m:tll. the normal 
:approximation to the Poisson leads to the u~e of JP fl', 'F a:: a 
~tandardized normal deviate, or, equivalently, (0- EFi E as a x;., 
vari.ate. This is, of course. the familiar formula for a x~11 \'ariate. 

•:'\:ample 12.10 

Tahlc 12. 10 !ohows some occur~ational mort:ality data, a lid,J in which the 
SM R is traditi•,nally used. The srccicsl f't'Jllllatinn io; that nf farmers in 1951, 
:tgcll 20 tn 65 )'Cilrs. The stamlard r~rulatinn i'i that Clf all males in these age 
grours. \\;hcther oc:curicd or rcrircd. Deaths or f:trmcrs c•vcr :a S year rcrio<l 
nrc used tu heir reduce the ~unpling errors, and the ull.;cn·c\1 ""'' C'flCClcJ 
numhcrs nrc e~rrcsscd on a S year basis. 

The SMR is 

and 

and 

(100)(7.678)_ 69·8 rcr cent, 
lOOM== 11,005 

var(SMR)= 10" \'ar(M) 

( I01)(7.C•7R) 
'>: 

(11,()()5 ):! 

.... o f•3-l, 

fwm (12.2-1) 

SE!SMRI~O·t<O I"''~ .trr u:(;.3'i '· 



.. .1~t~ ~RTIIH( ANAr. \'SIS OF QlJ:\t.l"rATI\'E 0,\ TA 

l\111 t l:!.ltt M,,,,,.licy uf (;un'k!rs in l:ntlland an,f \\',tlt:!l, 
I'J.J'I ~.1. in .. ,•llll'""""' \\lth thilt ••f rh.: mo~l.: 1'-'lllllau,m. 

·----------·- --·-· -------------·-----------
IU c tit (iiit (jq 

Allllllill 
,lt:.llh I ;11.: r ;.rm.:e·), llc;Uhll of l>.:aths 

per IUU ,llllU, IIJS I ~'-'""'h r.um.:rs t::\ll'!~I~·J in 
<~II mal.::. &>urul.tlton 194~--.53 live lt:.trs 

A a;.: CIIJ-I'J . .53) S )( (jJ )(fill A 10 5 
; !J',, ro:. II; ,, II;P, 

~0- 1:!11·8 :1,4MI H7 ss 
:!5-- 15:!·5 J•»,7:!1J .~K9 ]U) 
3.5- .:!lm·4 M,7tlll 73J 9.:!1 
-IS-· Ill(,·::! 7J,.17ft I,'J98 ::!,IJ94 
.5.5-64 ::!.31:!·4 .51$,:!:!(1 4,.51'1 (,,1):! 

--··-------
7,Ct71t 11,00.5 

- t -
Suur~.:: l{cgi,trar Gcn.:ral's lk~.:nni;al Supplement, E11glilnJ anJ Wales 19.51, 

Oc~upatiunal Morlality, Part II, Vul • .:! (19.51U. 

Th.: :)nHtlln.:~s uf th\! standard error of the SMR in Example 12.10 
is typic.al of mu\:h vical stati~ticoal dat&a. and is the reason why sampling 
erwrs arc: often ignon:d in thi:oo typ.: of work. Indeed there arc probl\!ms 
in the illlcrprct•aliun of occupation:al mortality statistics which often 
ovcrshad">w s;mtpling errors. For exoamplc, occupations may be less 
rdiahly M<llcd in censuses than in the rcgi!)tr&~tion of dc&nhs, and this 
may h:oad to bi&as..:s in the estimat.:d de&llh rates for c.:rtain occupations. 
Even if the: data .arc wholly reliable, it is not deoar whether a particul:arly 
high or low SM It for a certain o~cupation reflects a health risk in that 
occupatinn ur a h:ndcncy for selective proups of people to enter il. 
In Example 12. 10. for cxainplc, the SM It for farmers may be low 
bcc;auS4: r:anning i~ heahhy, or bccoau:)C unhc:ahhy people arc unlikely to 
enter f;arming or <~n.: more likely to lc&&vc it. Note also that in the lowest 
age !!COUp there i:» <Ill , •. ,.<·es.r uf c.lt::llhs among farmers (~7 observed, 55 
expected). Any methud of :)l;andardilation carries th.: risk of ovcr-simpli
fk<llion. :md the im·.::)tigator :)hould alw&~ys compare agc-spc;cilic rates 
to sec\\ h.:thcr th.: contrasts bctw.:.:n popul&llions \':try greatly with &age. 

The methud of indirect ~t;and;m.litatiun is \-cry simitar h.l tlml 
dc)cribcd &I) the cumpo.ui:)tll\ of ub)crwd mtd exp.:ct.:d frcqucndes on 
p.l72. lnc.ked if. in the compari~c.•n c.lftwo groups, .·1 and D,thc standard 
popul;ation wen: d..:tiued as th.: Jl"olcd popui&Uion A+ D, the method:t 

e--, 1 
~.--' I SECTIONS 12.6 A NO 12.7 - ) 

would he precisely the sante. It was staled on p. 372 that the appro 
signific:mcc tc~t for the comp:arison of observed :md ex1~ch:' 
qucncics was Codmm·s test (Jl. 371), and we lmvc seen (p. 3K7 
Cudmm·s test is cqui\'alentto a Ctlmparison of two t/irc.•ct-st&anda, 
races. Th.:n: is thus a very clo:)e relationship between the direc 
indirect methods when the st&tndard popul&ttion is chosen to beth, 
of the two special populations. 

12.7 GOODNESS OF FIT OF FREQUENCY 
DJSTJUBUl'IONS 

It is often useful to regard a random variable as following a standard 
distributional form; common examples are the normal, binomial anr' 
Poisson distributions. The observed frequencies at different values, 
in dill'ercnt grouping intervals, of the variables will not be precise&,. 
those expected by theory, and the question arises whether the dis
crepancy between obsel'\'ed and expected frequencies can easily be 
explained by sampling fluctuation. 

In the examples mentioned above, a theoretical probability distribu
tion can be fitted by using certain simple statistics calculated from the 
data. For a nom1al distribution, for instance, we need to estimate the 
mean p. and variance o,z by the sample mean i and estimate of variance 
s:! (after application of Sheppard's correction if nccessary). Fo 
binomial the p&trameter n is estimated by the sample mean ; divia 
11 (using the notation of section 2. 5). For the Poisson the param, 
is estimated by .r (see section 2. 6). Expected v:1lucs of the frequ.. ..:s 
can now be calculated, from exact formulae in the case of the bilK l~; 
:and Poisson distributions and from tables in the case of the norm~l 
di)tribution. 

Suppose th.: frcquency for any value or gre>uping interval is denoted 
by 0 1, :111d the exJ>ccted value hy £,. Then if£, is a small fraction of th' 
normal frequency, the random variation of o, about £, is approximate; 
rcpresentcd by a Poisson distribution. Unless £, is quite smah. 
( o,- Ei)/ v' E, can be t:aken as approximately a standardized normal 
d.:\'iate, and (0,- E,)'!J£, as a x~., variate. If there wcr.: k such fre· 
qu.:ncics, and if all the d.:vi;Uions o,- E, were ind.:pcndenr, we ~houl, 
expect from the general theory of section 3.4 that th\! familiar st:atistic 

x: .. ) (_De- t.~,): (12.26) 
- E, 

.,;;: 
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._:;. ~~.· U
\llaO, 

.:- ..... 
". ~':if-' 

I In ~hi11 ~a~ n~t unly tl~c :n1m~r~tur hut al.,, the d~·numinator. o£ S~ l~(i) ""Ill ~f ~
&.'5tunah·J ll~>lllg the /';, a uhtam~·,l rwm the tcllt populations; Ill (lartic:ufw ~?: ~·l!'r. 
the '"'"'' '-':;timatc uf S~l lt(i) i- tlu.-n gh,.cn hy • ··:· :~;· 

I.~ o 

r ' "";· 

U:-4 "fF-"TI:'IiCi Tllf. ~QUAI.ITY OF lii\IH'~ 

r / t )z o,~ -- L "o p,,(l -· p,,)/ { L "uPul • 
1 I 1 ·I 

; =-, I, 2, ... , p. 

s.\ll~(i) .. . L ll;j p;, /r. II;, Pu; • 
J. I J-·1 

; ,._., I, 2, ... , /J, 
(1. Jl ·'1'1• franwwurk, the hypnth~.·si:; //,. c;an "''Juinalcntly be written a:a 

11., :C& "'0. 

-2~l 

~·ln:rc Pu, "''~ "'::.: 1 "ii fo,/'i.~ 1 ll;i • The: corrc.-sllOOJing best estimate ,,( /•(•) • .• ~!: 
P(i) "'"' .. \,S:\IR(i), wlwrt• .\11 is obtainc:J by substituting Po; fur /'u, u.t .-. ~the (k -· I) < p matrix C has as its (j- I )-th ruw the \'c..: tor c~_ 

1 

·-" 

"-J ..,.. ~:· 1 
"" iur 11

11
; in the e~prcs:.inn fnr .k0 • ., 1..,0, I, 0, ... , 0, -I, 0, ... , 0) having -· I in the i

1
-th pusition, . 1 in the 

• The u,;e of a "puuled :;tanda~d" oft~'-' form ~1.:!) is .not witl~''"' pn~d"llf . ~~-·aa pos~tinn, anJ ~crus dst·where. j .. 2, 3 .... , /~. From a general critcriun 
I· or example, n·scan.:hers a~~K'Iatc:\1 With tlu: b·ans Cuunty Curuuary lfr011t tlrto \\ :a!tl ( 19 .. 3), It can he shuwn that 
Disease Study(Cassd et al.,l970) ha\'C cumpan~J the S:\IR of white rnal,·•l••'*"'l . :; , 
luw systolic hluotl pressure with that of white males hning high systulic I•L ... :' . :f; 1', • 6'C'(C0C') 1 C6 · 
pr&.'SSUrt:, the catcgurics being age g_•ruups and the standard populatiun cun•i&ttllf -·~7;: . I d" .

1 
_
1 

., • • 

f . . . , . •. . · fMnro:<mutc ,. sstn 1utcu iiS :1 c.·'-·ntr;~l , .• \";Jnahle wsth (k - I) de"rl·cs uf u all wlutc m.slcs m l~'·•ms luunty, G.-nrg1a. ~mular pooleJ st;uul.u.l .. '""' . ·. Tr . · . . ·~ .• • .• • ., . _ ,., . 
. . . . . am" h\'ll II, IS tflll', wherl' D tha" 0 - o .• - ... 0 - IS the matnx oh ill . usetltu ::otudv the dln·ts ot uther phn:,.,luarcallactors as wdl. Althougl. .In .. , ... ,. , '. . ,.,(. • • - • • •• ) · · I n\:J 

-. . · . · . j·,.D b\· rl'Jllacmg " h\· " · e\·crndtcn• 1t UJ'Ilears \\'t· would then reJ·cct // ahuut the cluucc ut stamlard arc l'SSentlilll\" arh1tran· and dcpenJ sumc:\\ l•aiUJ""''I ·. .· · . . ~"•:. - ,.,, . . -. ., · · 
4 

u 

. . . . ' '· -fie II lew) Ill SWillhCillll'l' If l ~· ,.- \\ hcrl' x· is the Ullll ·r pcrl«mal p_hllosnph,-, the usc of a pooled :;tandard 1s suggested when till' rt'•l.,"* ~ . , . " ! ~~ -~:1- •_' '-1;1- • • c 
·. · - · f 1 l -1- 11) ,, pmnt nf tlw c'-·ntral ~- llsstnhuuun. under stud,· k.g., uu:1.lcm:c ut cnrunan J.'-·art dss~o·ase nr cancer u t 1\' '"'"'• · ., 

1 
. _ • •· 1 

· . . . · . . I t • •• t ac: :.p~.·csal cas~.· ut II when k " (-;u that we an· h:stin" tl c etJtnlih· la.ts n••t hn·n tltc suhjl"Ct of a prcnuus mn:~llgiltltlll ~nndu,·tcd IIIH cr l'IIIIIJ'"'" ·• : i , . . 11 ~- . • " • • -

CUIH.ht1uns (\·.g., the Silllll' ddsllJtJOn c,f dJs\·a:;c, th~.: same: age groups, l·tt:. • . -~ • · - r · • .. . . . . ) · <llpS~If( sur all p 111d1r'-'Ct rates) C JS =>llllJll\" the ("- I) . p untrix 

It is impurtant to emp_hasizc th~ distincti~n between. the ;~ho\'e two d•·•~• .• L [I --·I 
0 of the standard popuhnaun because the dllfercnt cst1matcs (2.1) ami (l •• ·; -~ I 

0 
-I 

necessitate:- the usc uf ditTen:nt procedun.-s fur testing //
0

• These apprua,·hn .,., c1Jif -~f- • • 

Jl dc.'lleribeJ in tlw next two sectiuns. 'iit ·;:·· : : (3.1) 

3. TFSTI:'\t; II., WJII-:!11 "" ·~ t'IIOSES IXDEPESI>J;STLY 

OF THE T!is r l,orn.uroxs 

If we de tine tl.c \ cctur. 

6' = (~~IR(J), S~IR(2), ... , Si\IR(p)), 

where S~l R(i) is gi\·cn by (2. I), then it follows that 

/~(0') = &' ' (S:\IR{I), S~IR(2), ... , Sl\IR(p)) 

and 

\·ar(G) 0"- D = diag(a1
1, aJ1, ... ,a/·), 

I 0 0 

:!, we may llltcm;tth·c:ly usc as thl· tt:st st;atistic 

.'j: 

7. - [S~II<(i1 ) --- s~m(i~>J (o;, ·:· o7)''=, 

~is appruxim;~tdy di:;tributcd as a stanJarJ normal random \'aria hie when 
\~true:. In this case: we would rc:jcct 1/0 at the <ll lc:\·cl of significance when 
f!..? ~ •.• ,., whc:rc 7.1 _.,2 is the 100( I -- llJ2) 0 ~. point of the standard normal 
--vtaltun. 

;~ use of T1 tu test hypc•thc:scs which invulvc an SM lt(i) for \\~hich fo,; is 
~0 '!" I fur c:n·ry j requirc:s sp&.~ial att1.·ntiun since the e:otimat~o·d v;~riancc 
~ol S:\IH(i) i:. zc:ru. Such a situati11n can be handled by c:ither chousing 
*~~mate: c.f P.j ;accurJing tu sumc." critc:riun tither than maximum likdihuoJ 
(f ~~;! + I). {n;j + 2) i:o the Da)c:s c:stimatc for a unifunn prior un /'.,) or 
;~~dmg not to test hypothesc.'lJ abnut SMit(i). 
'i~· 
·~t 

.e· 
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TllllOBttiC.\L( ~l'LATIO:N BIOLOG\' 2, ~298 (1971) 0~ TE&TlNC~ THE £QUALITY OF lAIII'S 2\ .. k.-
" that Si\IR(O) -~ 1.) SMR'• an: used to comatare mortality amung popula

.,~,;;~;;:M:~bllwitb different age distrihutiona and ( 1.1) is t'ISt:ntially a \\'cightcd a\·eragc of 

On Testing Hypotheses Concerning 
Standardized Mortality Ratios* 

L.\WKI;Sl't: L. KtiPI'EK ASO l>A\'ID G. KLEINBAUM 

Drptullftrlll "/ Biustalistits, &l1ooJ/ of P11blit lll'altll 
(:,;,.,.,.,;,,. of .\'urt/1 Camli11a, l'hclftt'/1/ill, !1/ortlt Caru/in&~ 21SU 

Jt~.:dwJ &·ptcrnb..•r IS, 1970 

This fl:II'IC.'r d,•s•·rilll·eo t~:sts of h~'J'IOtlw:oell cunccrning the: ecauulit)' uf all)' 6 
ttt.mJ;arJiznlmortalir~· rutios (or, etJuinllt:ntl~·, of Ull)' k indirect udjmited r;alnJ 
from /'( k) pnpul:~tions. ·nl,. distin.:rion i11 mud~: between the aituutiun "h•·rs 
th'· at;anJard pc.•puh1tion i~ chosen inJ<'Jlt•nJ~ntly of the p populutions ;~n,J unr 
wh•·r<· doc ~taml.or.l is funned h)· pnuling 1111 p popul;uions. J>itr.·ro·m 1t·•t 
rrotL'l·Jurl'"' art• fl''lllin-d fur lh~Sl' tWO :situations, \\'hen till: pooJt:d AlolllllauJ t• 
lbo:d, th~ aprrupri;th'lest pruc,·Jun· j,. illlJlli,·:ohJ,• on I)'\\ hen II •" p. l::xJ"''rimnn.l 
t:\ jJ,·n,·o: ill 11iwn showing th;tt when the poolcJ StandanJ is used looth tt·a;C rru• · 
n·Jun::o lead to the .... me t·ondusion coru:o:rniug th1: h~·potht:sis for doc uw 
k · · p. 'l'lw r,·o.;umnwnJation is made, tlocrl'fur<•, to u~e the "incorrect" to:!il a•ru• 
.:.·Jure \\ lwn th•· ~t;mdanl 1s :o pUt>lcJ unt• 1:\'CII wh~:n k · ·· ft. 

I. I:O.IROOUC1'JOS 

Supl'usc that th~rc ar~ p kst populatiuns "'• , "':: , ... , "',. , a standard prtJlUiatiult 
"'• , and t' catq~uric~. \\here the term "test population" dcnuh.:s a culll"-1iun .4 · 
indi\·iduals un1.kr ::otudy. \\'e shall n·gard a test population as a satml'lc fff• 
some unh·ers~. fur only tht.'n is thcrf' any point in discussing statistical estina•l• 
and hyJmtht.'sis tcsting(!'l"C l'hiang(l961 ), Section I, for cmnml·nts alun~ thislinr). 

Let 

II,; .,.. tht.' numht·r of indiviJuals in category j uf 11';, 

/';; ". the true probability of death in catc:gory j of"'', 

d;; -~ the ubscrwd numbt.'r of deaths in category j of "• , . 

i =.:: 0, 1, ... , p, j = I, ~ .... ,c. Then, the sta11dardi::td n1ortality ratio Sl\fR(i) W 
popul.ation r.; is clcliru:d to he 

e t 

S)JR(i) ~: :[ nil Pii/ :[ II;J Po; • 
i ·1 I- I 

; ::: 0, 1, ... , p. 

• R~•eur('h "'l"flUrtl'<l br Xution:~l llcurr lnllititutt: Gr;ont :'l:o. IIE-03341-JlSI. 

290 

e 

for the t' C:<ltl'gorics (usually age group11}, the weights being 
..... rncu frnm the standard purulation. 
· ... chjj raJler \\'\' shall he c:mtcernt•ll with tl-.ting tlw fulluwing gt·nt:ral hypo
...... namely 

1/0 : S:\Jl{(i1) ·.::. S:\JR(i::) S\IR(i,), (1.2) ... 
:r: 
-~ I -: i1 ,~ i: < .. · < h · .. ~ /1 and 2 .: k · -: p. Sinct• tht.' indirect aJjustcd 
.,. r.atc l'(i) i:; CtJUal tu 't1 S:\llt(i). where 1.\11 is l:; .1 1111./'11)'[.:. 1 1111;, tlu· O\'eroall 
p;v:rtiou nf deoatlts in the :>toamlard pupuhnion, it is clc;ar that testing //0 is 
~..lmt tu testing that P(i1) . · /l(i:) ' · ... ·- P(i,). Hence, in what folluws 
.a an rcmiet our:>dws tu considering te:lbl of 1/0 • 

~.finally, ;althuugh Wl' haw pre~ntetl the prnhlem in a mortality-typt.' setting, 
iJ ttchniqul~ dcwlupetl hdow can \'ulitlly he u.-ctl in any ~ituatiun where 
•mponst• is dichotomous (c.~ .• was or was nut a mi~rant, did or did not have 
~o*Zr). 
~~. 

·~~ 

2. C'JJOJ('J:: 01' "'" .\SO IT:i Et'FELT OS T•:~T:i OF "" 

" 
:_;lim tlw standard pupulation "'u is chosen indt•pcnJcntly of the tc:>t popula-
1. •1 , "a, ... ,"'", then it is reasun:thle tu as:>umc, for all practical purpu.-cs, 
-~quantities p11; . "' J11;,'1111; arc nonstoc:hat~tic (d., Chiang (1961), II iii ( 1~56), 
~itz (1966)) .• -\n example of such a situation would he one in which the test 
f\9'1lations arc all the dill'ercnt counticll in Enghmd in 1963 anti the :>toandartl 
tAt U.S. population in 1963 or the 1945 population of France. In this ca~c 
'flat estimate uf S:\1 R(i) is 

·,: .. 
·;.;·: 
~. 
·' 

S:\JR(i) = ± II;; A/ t II;; p,J • 
1 t 1 I 

; = I, 2, ... ,p, (2.1) 

;,1 '·' J,;!n,1 i11 approximately normally di:>tributctl for large n;; , ha:~ 
.. lltan ,,1 and variance /'11(1 -· /l;;)jn,;, and is uncorrd:th:d with fi,·/ unless 

i "'= i' and j ~-= j'. The corn"Sprmding best estimate of P(i) ill 
= a.S~J R(i). 

,.fiOWever, the situation is quite different when the standard population is 
by pooling the test P"JlUiations togt:thcr so that Po; ha:s the structure 

" ,. 
/'.,; = L n11 Po;/ L If;; • 

; -1 i--l 
j=l,2, ... ,t. (2.2) 

• •• 

·-· .... 
.·-:-! 

-.. .. ~. ... 

. ..: 

Jl 
":. 
'~i .. 

; 

1 ·, 
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4. Tt:sTISG /18 \\'UE."i "'u IS FOilliED t"ROll THE TI!S1 POPULATIONI 

\\'hm p11 ia of the form (2.2) 10 that the t.-stimate uf S!\llt(i) is given by(2.3). 
the: rr~c:durc: for IC:!iling II,. der~·nd:\ un the: rdarimn,hiJlzt c:xprc:a;sc:d in tht rua. 
lu"·inJZ l~·mmil-"· 

LEmiA 4.1. 11"/trll p,.; lms tilt form (2.2), tllrtl r:. l tl; Sl\IR(i) -- I, "' .. C'ff 
,~· ~,. ~· 

II;·.:-; 1 n,p,., -· 1-; a 11,/'u;· 

J•,,j. From ( 1.1 ). 

,, ,. .. . ,. .. " 

} { L II,; Poj L L tl;; Po; J 
1 -I j I • · I i-1 

}.:«~, S:\llt(i) 
; .. 

r ,. 

L L II;; Poi • 
I i- I 

r . I· 

L (~II,. Jt;,) 
· I i I 

and tht• fl'llUlt then follnw11 hy using (2.2). 

l.t::\1\t.\ 4.2. Jl'llf'll p,,. luu tilt .f-•nll (2.2), tht•n S:\1 H.( I) -. S:\llt(2) 
S:\1 R( p) 1J tlllcl 1111(\' 1f lhrTt' i.• a sub;rl uf ( /' - I) ~:\1 H 's 111/ eq1wl111 ot~e·. 

Pmoj. If S:\IR(I) 7 "' S:\llt(2) ,.., ... ·"" S:\IH(p) :-: I-'• s:Jy, tht·o, frutn 
l.c:nuna4J,pi:r 1 a, ,~ l ·psinccr:·,1 o; "'" l.lfthereisasubsctof(p--1) 
S:\IR's all equal to one, tht·n, takin~; this subset tu bt: the first (p- I) S~llt'-. 
it follows from Lemma 4.1 that I:.r,• o;, o,. S:\IR(p) = I, or Sl\Jlt(p)
(I - r:·~• o,) all' , a,.fo,. :.. I. This cumplett.'S the proof. 

LE!\1~1., 4.3. J.rl II',,. '2.; 1 ll;li,·,{Jt,, - p,·1)/11.; and ddim: U', •• 
~· II' . .• I ., L.f• .... I ;;• • I, I .-: • -····• p. 

1111'11, 

{i) II',,· =' -·lf't; tllld II';;' ;:. 0 if; :::.. i', 
(ii) r.r_ ... ,. = o. 

(iii) o:hm /Ju; l1os tl1t jar111 (2.2), SMR(i) = I if a11d o11ly if II', •·• 0. 
i = I, 2, .••• I'· · ... . \. ·~ .. 

Proof. (i) Trh·ial. 

(ii) '2,~ .. 1 Jl'; = r:~a r;~l II;;Pu- r:.-l r; •• II;'J/';"J = 0. 

e 

ON TESTING TilE EQUALITl' OF SMK'S ~ 
Using ( 1.1) and (2.2), we: have 

·~' 
:~~ S~llt(i) - I .. -
'"' 

<r r 

(r "ol'iJ/L n,;/'u;)- 1 
J I 1 I . ' 

·'· 
1 ± n;J Po- t II;; ( t "•"JP,)t II;·J)]ft "d/'e; 

J I J ,, ,., 1 ;•. I l•l 

(t "•• {t 11,·;/',; -- t 11,·;/';;)/11·;]/t ll;d)o, 
, I I. l , . I . ' I 

"·' f.tf ll;;ll,·,{p,, -p;·J)n.;]/t "oPul 
;·. I i•·l ,. ·I 

'' • I r • I r 
} If , . I r "·· p,,, '='· rr I I L II;; p ... . 
- - I ,. I ' 1· l j, I 

Tiis completes the proof. 

Su, "ht·n flo; is ;,f tht· form (2.2). it fulluws frum L~o:mm.l 4.2 and from part (iii) 
~Lemma 4.3 th;at testing the hyputhl'sis that ~nm.( I) '-'- S:\IR(2) .. .. ... 

"i!lk(p)(··'-1) ur th;tt J•(J) '/'(~) ·- ..... P(p){'·-n11) is equi\'alcnt to testing 
~ hn1uthesis that I I·; ... · 0 fur t•n-ry i, i - J, 2, ... , p. The appropriate test 
.ic fur this latter hypothesis is 

1'~ , W'C'(C:i:C')-1 CW. 

Que W' and t arc the estimates uf W' :·;err •. u· ...... II",.) and 
1. ((,o,·(Ji';, ff';')))::;•. 1 uht.1incd hy putting Pii fur p,1 , and where C is gi):en 
'(l.l). (Frum parts (ii) ami (iii) uf l.cmm;a 4.3, it fullow11 that nne c;m ;ah'-·r
:.;L·,rly usc fur C tht· matrix uht;tinc~ol hy ddcring ;uay nnc ru\\' of the identity 
":'ix of nnlt·r p.) The shttistic 1'-:. is appruximatdy tlistrihutcd as a central x2 

1att with ( p -· I) degrees uf fn·cdnm when the hyputhesis that W "·. 0 is true. 
·'lllt dctcrminatiun uf the clements uf :E is sc1mt·whar tedious but srraight~ 
~d. In particular, 

, . 
CU\'( If'; • If';") = L r. CO\'( If';, ' 11';-,.) 

I •I I"· 1 

tvllluated dir~o.-ctly frum the fulluwing formulae: (:>cc pan (i) of Lemma 4.3): 

.,.. e 

.-... . . .. 
~. ·:--:1 

·~.-!~ - .. . .. 
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... 111",.. Jl·,,., _, 0 ;r .;,h., i ~ '· ;· •• r, "' both, "' ;r i, '· ;· and r ...... diff~rcnt; 

c:m·(ll",,,ll',·1
·) · ·-cu\·(lf'.,,JI·,.,·) -'-' -cm·(lf'u, Wn·) = cnv(lf'

11

, Jf·,·,·). 

~ 

Co\·(Ji~,, Jl',,.) ~-~ L 110111111lt•;j>;
1
(f --p,J/11':; 

i··l 

if;, /and I' an.· all ditfm.·nt; and, fur i ..., I, 

, ... rcr;·,,) . f !.'~<'L [-e..1! .. ~.e!il :. e'L(!.=:!!!!.>_J· - ,_ , . 
I I •I ii "tJ 

For the special ca:;e p = :!, the tc:=>t statistic takes the form Jl·~:~l'·in( 11'
11

J, 
which is approximatdy distributl'd as Xa:l when S:\lR(I) =· S:\11~(2). This,_. 
has hwn stmlil•d by Cochran ( 195-l) and fJuade ( unpubli~hed). 

l'nfurtunatdy, the ah,,n. prucl·Jure cannot he used to test the J.:l'Jtc-ul 
hyputhc,;.i:i 110 gin·n hy ( 1.2) whcn k i:t to he lltrktly less than p. To illu:ot"r' 
the ditficulty, \'nnsidl·r r hl· c;a~\' wlu:rl' k ·'. 1 <: p and we wish tu tc .. 
11

11
: S)fl~(i1) ._, S:\ll<(i~). Tlu:n, hecause p exceed:> k, we c;mnnt claim th.1t tlaM 

la~·pothc~is i:~ e'jui\·al .. :ut tu the hypothesis that 11";
1 

·. II';, ,_, 0, which i!l nn:n
sar~· fur rhe test statistic 1~ tu he apprupriate. 

One \'ilh apparl•ntl.\· get around this obstacle: by dcciding to furm tht· put~lr•l 
:.tandarJ u:.ing hnl_,. the ll 1\'st populati110,; whose S:\J ){':; arc tu be \'UJIJJ'·"'J 
I 111\\l:n:r. as t:;m he sn·n frum (:!.:!), this eh.mges thl· h;asic :~tructure uf the S~J M'• 
under test and loll r'jt·t:tion 11f ( 1 . .2) in this call4: due:; not necelOS:lril)· irnJ•I.!' 
n·jectiun wlaen tfu: puuled :.t•mdard is hasnl un all p test populations. :\nod.cr 
approach. which dclC.'s nut call for a mudili\·atiun uf the standard to suit dar rne. 

'lgg,'lih:d by the findings in tht· lle\:t st·t:tion. 

S. So!\rE ExP•:Rrl\rr;~T.-\L REst:L TS 

Comput~r programs ha\·e been prepared which calculate Sl\IR's and in~ 
rates for p ".; 10 populations and c ·-:; 20 categories. On~ of these progr:anw .. 
written in Fortran 1\' for the ID:\1 360 cumputer at the Triangle Unh·ci"JIIf . 
Compu~ao;on C<nt<r (r!X"C) ond the otll<' ;,. T;n, .. Sharing Fortran ("' '::: fl··~ 
CaU-A-Comput~r S)'lltem. These programs allow the user to specify the ~t;an~ . I 

· · J' the tetl · popu at1on or to m:~truct the cumputer to form the standard by poo mg J1 · 
populations. The user uf c:ithc:r program may tc:Jt hypothc:JeS of the form (I · 
aa described in St.-ctiom; 3 and 4. .,.a 

Th-.'SC program:~ w~n: usl'd to compare the two test procedurell pr~. · 
in this paper in the situation where the: lotandard population is formed by ~.., 

) 

OY T~TING Till! EQUALITY OF S!\IR's 

1'ADLH I 

. \'~IUt·~ nr T1 and 7~ Obtained b)· 'l'..:srir•~r II, for It .. 1 \\'hc:n the St01ndard 
is 1-'ornu•d b)· l'uoling lhf: 'l'c:st Populations 

hnbtor of Popul.arions p 
'· I ncorrc:ct" T, 
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"Corrl't't" T
1 ·------- ·-------·-- ------ --· ···-·---:! 

28 . .21)6 :! 
! 
:! 
:! 
2 
2 
2 
:! 
2 
2 
:! 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
.2 
2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 

16.9.1~6 
:!1.:!930 
10.~976 

IO.~:!JI 

1.7J7J 
3.1119.5 
1.6659 
O.ISIJ 
0.(}.H5 
1.:!3:!0 
O.lllf6 
l.~nlf~ 
1.91118 
0. 187:! 
I.JOOS 
1.~7{)..1 

0.20H9 
0.~~3~ 
0.55:!2 
2.2MS 
0.004.2 
0.0361 
l.61f43 
0.0016 
3 . .549.5 
8.112.2 

10.4558 
2 . .5145 

10.6·111.5 
11.0SS8 
21.6299 
21.9671 
20.38.SY 
16.6307 
7.1490 
9.7703 
3.66JY 

28.71.57 
17.498] 
21.6004 
10.1884 
10.827.5 
1.7946 
3.2:!92 
7.JOJ8 
0.15JJ 
0.0476 
1 .. 2-1118 
0.1450 
I .4~.17 
1.9965 
0.1947 
1.21«211 
1.4462 
0.2131 
0.42% 
0 . .5.10.2 
2.14SS 
0.0043 
0.0466 
2.7078 
0.0016 
3 . .5611$ 
7.8162 

10.8670 
2.4496 

10.56.51 
17.6127 
21.9669 
24.6090 
20.9092 
16.4557 
7.0270 
9.6688 
3.66.56 
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• 
the t\:a;t ptpul;atiuns. The r&.'!'ults ubtaim.-d should be: of considerable intcrt~t 
to thua'C: n:~;archen1 who h;we incurrectl)' Ulk'U the test Jlroccc.lurc dncribe4 
in Sl'\."tiun 3 when they ~lmuM ha\·e c:mploycc.l that of Section 4, fur it ia .,_. 
cdvahlc th;at infcn·nc&."~> drawn fmm ul'ling the "im.·urn'Cl .. tt."ttt statistk ,.,,.,ld t. 
revi=>t·J wlu·n the "&.'ttrrcct'' mw i:~ ullc:c.l. 

The J;~ta n;>ec.l in this &.'nlllJlllt\·r lltud~· \\il$ oht;~ined from the l~van11 ( ·,,.,,..1 
(;urun;ar~· I h:art J)i:;.calil.' Study mentioned earlier. There were 38 dilft·rc1at 4Lt.t 
a;cta, e;ach p;artitiun&.'t.l intt1 tlu: same t :.. - 1 aRe groups; 25 of the sets were bMnS _: 
on twn fKtlml;ationl'l, 7 un three, and 6 on four. The hypothca~is (1.2) for 1c _' 
was t\':>tec.l and tlt\' ,.,,luc:~ uf the test stati:~tics 7'1 and T1 for each data k-1 .,. 

JlreSt·ntec.l in Tathlc 1. 
It c;an he ~'t.'n frum T;thle I th.tt, dc1111ite the rationale for preferring tM tnl 

prcx:,•,hm: ufScctiun4, hnth t~·,.t :otatistics gi\'C ahmt=;l exactly the same nun&c-rac..l 
\'aluc:o in c:adt c01sc. Thi:~ muti,·atl':S 1111 tn make the cunjccturc (ami, at JUt."11f:t;l, 

it ill unly a cun.icctun:) that :all':st nf the hypothl·lli:; ( 1.2) \\hen the pnuledt.~.amJ•rol 
ill funned frum all ft t..-,;t l'''l'"latiun:~ and tlw "incurrcct" tc:;t prun·durr •*' 
Sectiun 3 i~ u,;l·d will ~-jd,l (;tidy rcli;thle n·:;ults not onl~· when k - ft ltut •'-• 

fur the: COI!iC \\ heu k · . fl· 

At'K:O.:U\\'I.t'l)l i:\11::0.:1' 

The o~uthon; thank l'ruk~"'•r :\athan "'·y1it1. ami the n·fcrec:s for a number uf lorlrf"' 

su~J:t"Stiom• c:onn:rnin.: tho: tuanu~,·ript. 
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~AL t'OI'l'I-\TION IUOI.OUY 2, 299-)18 (1971) 

.. Equilibrium Studies of Two Locus Haploid Populations 
with Recombination* 

t.~·· 

·'!::: 

:\IAIU"UII \\', FR£1.1):\IAN 1 

. DtpclltiHf'nt of lliulugicul Scirnus, Stanftn'J ( "Hiwtsity, Stan/""'· CuliforHia 

ltt.."t."Cin:d s~·ptt·mlx:r 18. 1970 

ISTIU)I)t'l'TIOS 

• 

0 ~ntly tlwn· has h\.'l'n a rl'\'intl uf inten.-st in the l'l)llilillriutn rrnpc:nics 
lt.'lc twu-lucus hapluid :~y~tem with h'c:umhinatinn. Thl· suurces uf this intc:rel't 
ft. arst. th,· pruhll·m nf reductiun uf linkage: or c\·nlutiun uf sup~r~enes (~ci. 
1161, 1969) ami. Sl"Cilthl, till' pmhkm uf the ad\·anta~e uf sexual m·cr asexual 
1ift..luctiun (l"rnw ami "imura, 19M; :\laynard ~mith. I%H; E~>hd and 
fcWman, 1970). ~\ third rea:~un fur :~tmlying th&.-sc equilibrium prnpl•rtie:; is ht 
-* stakmt•nt,; cmtceruin~ thl' time-depemlcnt hdt;\\·iur uf the ~ametic 
cl.tncc \\ ho:n t h..- st:~rtin~ cun~litiuns arc knuwn. 
II t.a.~ been as,;umcd in the literaturc th;tt in the gl·ncral hapluid twu-lucus 

llldcls null41l~·mmphic equilibria can hl· ~>tahlc. llnwewr, I bclic\·e there i11 only 
•case whidt has heen cx;nnined tu any extent. This is the mudd whcrc All, 
.1.•8 allll ub h;~w litnl·:s~es I, I ·- s. I -·sand I, re:;pecth·dy. In tltis casc, 
it cquilihria curH·sputulin~ tu .tix;ttiun in .·Ill and ,,h an~ lucotlly stahlc while 
U dumains uf attraction arc separated by the surfa~o:e un which ..1 IJ and 11b 
'-equal frettuc:ncicll. On thi:~ surface, thl·rc is an un~tahk Clluilihrium gin·n by 

. ., i 1 :· -" .~, = I - .\·= , (I) 

,.;.-, 

i: =-= .~3 ~ ~:I -~ ; -! ,,fJ - ~--;-;,,: -(f.t P) + .x(l :- n,8)t. 

~ 11 ::..--: r/(1 - r), ,8 -"'=(I - s)fs and .\·a,-~=, .\·1 , .~, arc the equilibrium · 
~ucnci&."tt uf All, .·1b, an and ah, reS[WCti\·dy <~c. e.g., ~ei, 1967). Here, is 

recombination fractiun. 
Let the fitne11ses uf ,.1/J, Ab, an and ab It\· rca , w~, "':a, u·, , respcctivdy. 

!c, > rr, · :.- tt':, u·
3 

tlwn .~ 1 · I is lcx:ally st:ahle, and .~1 ... I is lliCally stable 

!·Rac .. r.:h IUPIH•rted in part h)' ~Ill nrant (i:\110452. 
' 1.Pre~~:nt addre~~<. l>ep.armwnt of :\bthenl<ltiu, l..;a '!'robe t:nin:rsit)·, Dundoorot, 

30113, .Austr01lia. 
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COMPARISON OF THE PROPORTIONATE MORTALITY RATIO AND 
STANDARDIZED MORTALITY RATIO RISK MEASURES 

PIERRE DECOUFL£,• TERRY L THOMAS' .uro LINDA W. PICKLE• 

GENERAL PRINCIPLES 

Initially, we will ignore the problem of 
adjustment for c:onfounding factors, such 
as age, in order to present the ideas as 
simply as possible. Table 1 contains nota
tion which will be used to demonstrate 
certain relationships among the statisti
cal measures discussed in this paper. The 
following relationships exist among the 
three sets of ratios in table 1: 

d, d, d 
-=-+-
d n n 

(1) 

(2) 

,, 
'I 

Two c:ommonly used measures of differ
ential mortality risks in epidemiologic 
studies are the standardized mortality 
ratio (SMR) and the proportionate mortal
ity ratio (PMR). The SMR is the statistic 
of choice when the population-at-risk by 
age, race, sex is known. It provides infor
mation on a study group's overall risk of 
dying as well as risks for specific causes of 
death. On the other hand, the PMR is a 
tool for estimating cause-specific risks 
when the available data consist only of 
deaths without knowledge of the charac
teristics of the population from which the 
data came. A proportionate mortality 
study does not yield information on the 
total force ofmortality, and cause-specific 
PMRs are only approximations to what an 
SMR analysis would have produced. 

Recently, both measures have received 
considerable attention in the context of 
methodologies used in occupational mor
tality studies (1-6). The reports of those 
studies tend to treat each method sepa
rately without discussing their inter
relationship in detail. In this paper, we 
illustrate the inherent relationship be
tween the SMR and PMR methods by per
forming both types of analyses on each 
of several sets of data. Our purJ)ose is to 
give investigators lacking a strong 
background in biostatistical methods a 
basic understanding of some of the risk 
measures they use in everyday practice. 

In a proportionate mortality study, the 
relative risk of a particular cause in ~he a 
study group is estimated by comparing W 
the relative frequencies dald and D,ID. 
From equations 1 and 2, we see that each 

• Abbreviations: lCD, International Classification 
of Diseases; PMR, proportionate mortality ratio; 
SMR, standardized mortality ratio. 

I School or Health-Related ProfeB&ions, University 
or Arizona, 1435 N. Fremont, Tucson, AZ 85719. 
(Reprint requesU! to Dr. Decoufle at this addre~s.) 

t Environmental Epidemiology Branch, National 
Cancer Institute, Bethesda, MD. 

of these proportions is a function of the 
cause-specific death rate and the total 
death rate. We generally assume that the 
ratio of proportions (d.Jd + D,ID) yields 
about the same result as the ratio of 
cause-specific rates (d,ln + D,IN). 

Let us examine this assumption alge
braically. From equations 1 and 2, we can 
write: 

did din DIN --=--X--, 
DID D,JN din 

(3) 

which can be rewritten as: 

d, d, DIN -----= x--, 
d(D/D> · n<DINJ din 

which is equivalent to: 
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Observed deaths Observed deaths Comparison Group total death rate ....;;..;.;=;_,;;,..;;_ __ = X d 
Expected deaths* Expected deathst Study Group total eath rate 

• Baaed on ratio of specific cause to all causes. 
t Baaed on ratio of specific cause to number at risk. 

or, in other terms: given cause (i.e., dJn • DJN), the ratio of 
PMR = SMR x Factor (4) relative frequencies (d/d + DJD> will ex

ceed unity, indicating that the employed 
group is at greater risk of dying from the 
specified cause than is the general popu
lation. 

where Factor • ratio of overall death 
rates (Comparison Group to Study 
Group). 

Thus, the relative risk estimate using 
proportions is a function of the SMR and 
the ratio of total death rates <Comparison 
Group to Study Group). It follows that the 
ratio of porportions <PMR) is the same as 
the ratio of rates (SMR) if, and only if, the 
overall death rates in the two groups are 
equal; i.e., din = DIN. 

Now, in actual practice, the assumption 
of equality of death rates for all causes is 
often unrealistic. For example, industrial 
populations generally have a signifi
cantly lower overall mortality rate than 
the general population (attributable to 
the so-called .. healthy worker effect" (7)); 
i.e., DIN >din, so that in equation 3, (DIN 
+ din) > 1. Hence, even if there is no dif
ference in the actual relative risk for a 

To illustrate this point, suppose we 
know that the study group's overall mor
tality is 75 per cent of the comparison 
group; i.e., din = 0. 75 WIN> or Factor = 
DIN + din = 110.75 • 1.33. Then from 
equation 4, we have PMR = 1.33 x SMR. 
Thus, the ratio of relative frequencies 
(PMR> is 33 per cent greater than the ac
tual relative risk (SMR), and in the situa
tion where no difference in risk exists 
(i.e., SMR equals unity), the PMR will in
dicate a 33 per cent increase. 

CONVERSION RULE 

If the above relationships are extended 
to summary estimates of relative risks 
across all levels of a confounding facto~ 

TABLE 1 
Notation for statistical quantities discussed in tut 

Quantity Study lfOUp Comparieon lfOUP 

Number at riak II N 

Total death• (all caUJeal d D 

Deatha from a apecific cause d, D, 

Proportion of total deatha due d, D, 
to a apecific cause d D 

Overall death rate (all causeal d D 
II N 

Death rate from a apecific cause d, D, 

" N 

.. 
1 

-· 

I 

/ 
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(e.g., age), cause-specific PMRs and SMRs 
are the same if the overall death rate of 
the study group equals that of the com
parison group within each age group. 

The equality shown in equation 4 holds 
for a given age group within which no 
further age atijustment is done. It does not 
necessarily hold for the age-adjusted PMR 
and SMR, but a rough approximation is 
suggested. Thus, rearranging equation 4 
and putting it in terms of summary mea
sures over all ages, we have: 

SMR (specific cause) 

TA8La2 

Diatributiora of rruJII fourul"Y wor-lt~n ~mp/oycd al 
plant A whuftra 1938 orad 1961 by race arul uital 

~====·tat=u.=ora=.J,::::a:=ra=ua="=l,=l=968~·======= e 
Vital ltatua Whiw Non·whiw 

Known alive 
Known dead 

War deatha 
Presumed dead 
Unknown 

Total 

1106 1243 
240 172 

3 
10 10 
24 (1.,.., 56 (3.5) 

1380 1481 

• Data from Decouflt and Wood (8). 

.can be seen that at all ages under 65 
<5> years, non-white workers have a more 

Hence, given a set of cause-specific PMRs, favorable survival rate than do white 
one can get an idea of what the corre- workers (each in relationship to their 
sponding SMRs would look like under dif- counterparts in the general population), 
ferent assumptions about the ratio of the with a particularly striking difference at 
total mortality rates. (A fuller discussion ages less than 45 years (SMR • 0.92 for 
of the conditions under which the conver- whites and 0.48 for non-whites). The lat
sion rule is applicable will be the subject ter finding may be due, in part, to the 
of a separate report.) more recent employment of non-whites 

• PMR (specific cause) 
x SMR (overall). 

EMPIRICAL RESULTS 

Several sets of data are presented to il
lustrate in concrete terms the relation
ship between the PMR and SMR methods 
of analysis. 

The first set of data is derived from a 
cohort mortality study of 2861 gray iron 
foundry workers who were employed at a 
single plant (Plant A) between 1938 and 
1967 and were followed through De
cember 31, 1967. Details ofthis study are 
published elsewhere (8) and only perti· 
nent information is given here. Table 2 
shows the results of the follow-up effort. 
For the purposes of this paper, war deaths 
and the "presumed dead" group are not 
counted in overall mortality but, instead, 
are withdrawn alive on the presumed 
date of death. Subjects lost to follow-up 
(unknown vital status) are treated as 
alive at the closing date of the study. 
Table 3 shows overall mortality patterns 
for white and non-white foundry workers 
in relation to the total US experience. It 

and the unusual composition of the plant 
work force during World War ll. From 
these data, we have chosen the total 
group of non-white workers (whose over-
all SMR is unusually low) and the sub-e 
group of white workers who survived to 
age 65 years (whose overall SMR is close 
to unity) to illustrate relationships be· 
tween cause-specific SMRs and PMRs. 

Example 1; White foundry workers over 
age 65 years versus the general population 
(table 4). Since white foundry workers 
have an overall SMR close to unity, one 
expects the cause-specific PMRs to be rea· 
sonable estimates of the corresponding 
SMRs. Table 4 shows the close agreement 
between the two sets of risk estimates. 
For each cause of death category, essen
tially the same conclusion as to mag
nitude of risk would be drawn from both 
sets of results. The last column illustrates 
the "conversion rule" between PMRs and 
SMRs. The "approximated SMRs" are 
closer to the actual SMRs than are the 
PMRs. 

• 
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T.uu3 
Ob•rwd and up«tcd dtatlu from all ccaUMs (1938-19671 and stondordiad mortality ratw (SM&J 

l1y na and attGiMd 06~--m.o.k foundry woru,.. ~mploy~ at plant A ~huftn 1938 and 1967t 

A&&aiaedap 
(Junl ObH"ed 

deathat 

Total 237 
<45 34 

45-54 38 
56-64 54 
65+ 111 

' Data from Decoufle and Wood (81 . 
• p <0.05. 

White• 

~pect.ed 
deathal 

300.0 
37.0 
56.7 
83.2 

123.2 

Non-whit.el 

SMR' ObM"ed ~pect.ed SMR' 
death~* cluthal 

0.79' 172 315.0 o.s5• 
0.92 52 109.2 o.w 
0.67- 52 99.1 0.52'-
0.65• 39 74.5 0.52'-
0.90 29 31.6 0.92 

t Ezcludea 10 presumed dead and three war deaths. * Ezcludes 10 presumed dead. 
t Based on the race-, are- ancl time-specific mortality rates of the US male population. 
• SMR • atandardizecl mortality ratio • obaerved deaths divided by qe- and calendar-year-acijustecl 

upec:tecl deaths. 

TABU4 

CaUN-sp«i{i& mortality u~m~~~:e (1938-19671 ofu:hitc mok foundry woru,.. (qes 65 yea,.. and owr) 
~mployed at plant A bttwnn 1938 and 1967, 

Caua (lCD, 7&11 ReYilionl Obeerved P:.IR* SMRI Coovel'lion rule' 

All causes 
Cancer (140-2051 

Direltive (150-159) 
Respiratory (160-1651 
All other 

Stroke (331, 3321 
Circulatory disease (400-4681 
Accidents, suicide, homicide 1800-9991 
All other causes 

, Data from Decoune and Wood (8). 
•p <0.05. 
t Ezchldes two presumed dead. 

cMathat 

111 
25 
6 
5 

14 
11 
44 

7 
24 

1.00 0.90 0.90 
1.30 1.22 1.17 
0.82 0.76 0.74 
1.12 1.09 1.01 
1.89- 1.76 1.70 
1.01 0.88 0.91 
0.78• 0.7ot 0.10 
1.82 1.62 1.64 
1.17 1.04 1.05 

* PMR • proportionate mortality ratio • observed deaths divided by are- and calendar-year-acijustecl 
ezpected deaths. Expected deaths based on ratio of each cause to all cauaea in the US male population. 

I SMR • standardized mortality ratio • observed deaths divided by age- and calendar-year-acijustecl 
ezpec:tecl deaths. Expected deaths based on cause-specific mortality rates of the US male population. 

• Converaion rule: cause-specific PMR x overall S!\IR. 

Emmple 2. Non-white foundry workers 
versus the general population (table 5). 
Based on the general principles outlined 
above. one expects that cause-specific 
PMRs in this group are overestimates of 
the corresponding SMRs. Table 5 shows 
results consistent with the theoretical 
considerations. PMRs and SMRs are so 
divergent in this example that one would 
come to opposite conclusions as to risks 

for several diseases. For example, the 
PMR for respiratory cancer indicates a 
statistically significant two-fold increase. 
whereas the SMR shows that the risk is 
little different from expectation (SMR = 
1.14). The PMR for circulatory disease 
suggests no difference in risk for foundry 
workers, but the SMR shows a statisti
cally significant deficit approaching half 
of what was expected. We applied the 

-· 



II .. ; 

1 I 
o.w 
o.w 
0.52-
0.52-
0.92 

0.90 
1.17 
0.74 
1,~ 
1 .. J 
o.tY 
0.70 
1.84 
1.05 

r-year-adjuated 
' population. 
r-year-adjuated 
~pt~lation. 

tample, the 
indicates a 

1ld lfterease, 
~the risk is 
lon CSMR • 
ory disease 
for foundry 
1 a statisti
,aching half 
applied the 

I 
~ . 

l 
i . 
' i 
' 
! .. 
•• l 

I 
.! 

• • 

f 
I 

COMPARISON OF PMRI AND SMJta 267 

T.uu 5 
CoUM-tpeei(u: morltJlity a:perient:e (1938-1961) o(Mn·wlait. male foundry worlt~,.. ~mpblyrd at plant A 

hetWftn 1938 and 1967t 

c.- nco. 7th Remionl Obeerved PMN SMRt Coeftftion nail' deathat 

All eausee 
Caneer (140-2051 

Digestive (150-1591 
Respiratory (160-1651 
All other 

Stroke (331, 3321 
Cireulatory diaeaae (400-4681 
Aeeidenta, suieide, homieide (800-9991 
All other c:auaea 

' Data &om Deeoune and Wood (81. 
•p < 0.05. 
t Exc:Judes 10 presumed dead. 

172 
35 
14 
12 
9 
9 

54 
27 
47 

1.00 o.55* 0.55 
1.53* 0.88 0.84 
1.61 0.92 0.89 
1.99" 1.14 1.09 
1.11 0.65 0.61 
0.62 0.36* 0.34 
0.93 o.53• 0.51 
1.07 0.52- 0.59 
0.92 0.48* 0.51 

* PMR • proportionate mortality ratio • observed deaths divided by age- and c:alendar-year-adjusted 
expected deaths. Expected deaths based on ratio of each eauae to all c:auaea of death in the US male popula· 
tion. 

I SMR • standardized mortality ratio • observed deaths divided by age· and c:alendar-year-adjuated 
expected deaths. Expected deaths baaed on c:auae-specific mortality rates of the US male population. 

• Conversion rule: c:auae-apecifie PMR x overall SMR. 

rough conversion rule to these data and 
the results are shown in the fourth col
umn. A very good "fit" is obtained for all 
cause of death categories. Thus, one gets 
an idea of what the actual cause-specific 
SMRs would look like utilizing the ob
served PMRs together with an assump
tion about the overall mortality rates. In 
fact, Monson et al. (9) used this reasoning 
in assessing the validity of their site
specific cancer risks (PMRs) in a study of 
vinyl chloride workers. 

Example 3. Cigarette smokers versus 
non-smokers (table 6). These data are 
taken from the study of smoking and mor
tality among US veterans reported by 
Kahn (10). The extensive appendices to 
this report permit computation or various 
relative risk estimates not shown in the 
main tables and text. Since the overall 
mortality rate of cigarette smokers 
greatly exceeds that of non-smokers, each 
of the cause-specific PMRs is well below 
the corresponding SMR. It is interesting 
to note that for disease categories with 
very high SMRs (e.g., emphysema and 
cancers of the esophagus, larynx and 

lung), the PMRs are ·still markedly ele
vated and indicate a significantly high 
risk. On the other hand, for prostatic 
cancer and cardiovascular disease, the 
PMR approach fails to show an increased 
risk when a real one does in fact exist. 
Violent deaths appear to be significantly 
lower among smokers in the PMR 
analysis, but are significantly increased 
in the SMR analysis. The conversion rule 
yields approximate cause-specific SMRs 
that are quite close to the actual ones in 
this set of data. 

DISCUSSION 

This paper has focused on bias in prO. 
portionate mortality studies arising fl'om 
large differences in the overall death rates 
of study and comparison groups. Thus, 
PMRs will overstate risks when the study 
group's overall mortality rate is low~r 
than that of the comparison group, while, 
conversely, PMRs will underestimat~ 
risks when the study group's overall mor· 
tality rate is higher than the comparison 
group. If the discrepancy between overall 
mortality rates is great enough, errone-
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T.au6 
Monolity aperWflft of current ci1arw~ amourt wrtua pertoM culto uwr 1moleed or ollly amolecd 

occcuwn.aUy-VS wtcraM 1tudy, July, 1954-Dccemb.r, l962f. 

Ca1111 CICD, 7Ua ReYilion) 

AU cauea 
Caac:er (140-205) 

Eaophqua (150) . 
lnteatinea (152-163) 
l.aryna (161) 1 

Lunc and bronchua (162-163) 
Proetate (177) 

Emphyaema (527.1) 
All cardiovucular diaeues (330-334, 400-468) 
Violence (800-962, 970-971) 

' Data from Kahn (10). 
•p <0.05. 

0~ PMRt fiMR* death~ 

15644 1.00 1.6r 
3422 1.22" 2.06-

77 3.44• 5.55• 
313 0.6got 1.15• 
40 6.13· 9.8got 

1116 6.54• 10.92" 
242 1.02 1.67" 
272 7.43• 12.1&-

9580 0.95• 1.5got 
575 0.65• 1.12" 

CoDVVIion nalel 

1.68 
2.05 
5.78 
1.16 

10.30 
10.99 

1.71 
12.48 

1.60 
1.09 

t PMR • proportionate mortality ratio • observed deaths divided by ap-acljuated upected deaths. 
Expec:t.ed deaths baaed on ratio of each c:aue to all c:auaes of death among non-smokers. * SMR • standardized mortality ratio • observed deaths divided by are-acljuated expected deaths. 
Expec:t.ed deaths baaed on c:auae-specific mortality rates of non-1mokera. 

I Conversion rule: cauae·apecific PMR x overall SMR. 

ous, even opposite, conclusions can be son groups, consideration should be given 
reached from SMR and PMR analyses on to choosing as a base a collection of cause 
the same data. categories for which death rates are not 

Generally, one does not know the rela- likely to differ very much. For example, 
tive magnitude of overall death rates for a when industrial populations are com
particular study. group and comparison · pared to the general population on a rate 
group. Hence, it may be difficult, if not basis, the SMR for cancer is usually close 
impossible, to assess the validity of a set to unity (7. 12, 13). Thus, in examining 
of cause-specific PMRs in the light of is- site-specific cancer risks, the ratio of 
sues raised here. However, occupational deaths from a particular cancer site to all 
health investigators can obtain data from cancer deaths might be more appropriate 
previous cohort mortality studies of in- (14). One study (15) acfjusted for possible 
dustrial populations with the general unequal overall mortality by using all 
population as the comparison group so deaths except those due to cancer (all sites) 
that they can make an estimate of what and respiratory diseases as the base for 
the overall SMR might be (at least a rea- computing expected deaths. 
sonable interval estimate) (11). Since, in With respect to the "conversion rule" 
these cases, the overall SMR is most described here, it should be pointed out 
likely less than unity, the magnitude of that there are situations in which it is 
cause-specific PMRs should be judged, not useless. Specifically, derivation of approx
in relation to an expected value of 1.00, imate cause-specific SMRs utilizing an es
but against a greater value, e.g .• the re- timate of the true overall SMR and the 
ciprocal of the estimated overall SMR. observed PMRs is not valid when study 

We have constructed PMRs using the and comparison groups differ greatly with 
ratio of deaths from a specific cause to a respect to the age distribution of 
base consisting of all ckaths. When it is populations-at-risk and total deaths. · 
thought that the overall mortality rates Finally, it should be noted that the con· 
differ greatly between study and compari- cepts and examples presented here refer 

-·~ 
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to well-defined populations and all deaths 
occurring in these populations over 
specified time periods. The conclusions 
reached may not be applicable to a PMR 
study in which the available data repre
eent a subset of all deaths among mem
bers of a well-defined population. Exam
ples of the latter situations are collections 
or deaths reported to employers and labor 
unions in connection with payment of life 
insurance claims and death benefits. Data 
gathered from these sources are generally 
incomplete since they exclude, in the case · 
of companies, employees not on the 
payroll (nor pensioned) at the time or 
death and, for labor unions, members not 
in good standing (i.e., dues paying) when 
death occurs. In these situations, special 
care should be taken in interpreting find
ings. 
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ON THE UTILITY OF PROPORTIONAL MORTALITY 
ANALYSIS* 

L. L. KUPPER. A. J. McMICHAEL,t M. J. SYMONS and B. M. MOST 
Department of Biostatistics, Occupational Health Studies Group. School of Public Health. 

Uaivcrsity of North Carolina. Chapel Hill, NC 27Sl4, U.S.A. 

Ahnet-The Staadardizcd Mortality Ratio (SMRI is a commonly used epidemiologic tool 
for cvaluatina a test population with respect to a standard. Computation of the measure requires 
that the size and demoaraphic composition of tbc test population-at-risk (PARI be known. 
Ia the absence of this knowledae of the PAR. some have turned to evaluations based on propor· 
tiona! monality rates, a method which is aenerally reaarded as deficient because of the inability 
of relati\'e measures to provide information about absolute rates. 

Often. the ratio of the cause-specific SMR to the underlying 'force of mortality' (i.e. the 
SMR for all causes) is of interest; this ratio is referred to herein as the relative SMR tRSMRl 
It is shown in this paper. both empirically and in a theoretical framework. that the RSMR 
is close in value to the (age) standardized proportional mortality ratio tSPMRI. this closeness 
being expressible in the form of a 'confidence interval' involving the SPMR. Computation of 
the SPMR does not require knowledge of the PAR. 

I. GENERAL CONSIDERATIONS 

1.1 Definitions: absolute and relative measures ofdeath rate 

A basic strategy of epidemiology is the comparison of health-related data between 
two populations. Frequently, the comparison is between a test population (i.e. the popu
lation being studied) and some appropriate referent (standard) population. The pro
cedure typically utilizes the ratio of observed events to expected events, the latter calcu· 
lated in 'standardized' fashion with respect to • such concomitant variables as age, race 
and sex. 

For reference, several measures used for this comparison are defined symbolically 
below: 

1. Cause i specific Absolute Death Rate: 

2.· Cause i specific Standardized Mortality Ratio: 

3. All causes Standardized Mortality Ratio: 

4. Relative Standardized Mortality Ratio: 

S. Cause i specific Proportional Mortality Ratio: 

• d 
SMR, • 

0
'·, 
Ef 

SMR-~. 
Du. 
SMR, 

RSMR, • SMR' 

d, 
PMR1 • d.> 

d, 
6. Cause i specific Standardized Proportional Mortality Ratio: SPMR1 • -

0 
· , 

EPI 

•This research supported by The Occupational Health Studies Group. by NIEHS Research Career Develop
ment Award No. l·K04-ES00003. aad by NIEHS Research Fellowship Award No. l·Fll·ES01766-0l. 

tDcpartmcnt of Epidcmiolog. University of North Carolina. 
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where 

d,. • observed number of deaths due to cause i in the test population: N,,... • number 
of people in the test population; De1 • expected number of deaths due to cause i based 
on applying cause i death rates for each of the referent subpopulations (e.g. strata 
based on age) to the number of people in each of th:e corresponding test subpopulations; 

'Du • similar to De., except that total (all causes) death rates for each referent subpopu· 
lation are used; d .• a total observed number of deaths in the test population: De,.. • ex
pected number of deaths from cause i based on applying referent subpopulation PMR,'s 
to the number of deaths in each of the test subpopulations. 

Measures 1, 2 and 3 above are absolute measures requiring knowledge of the size 
of the PAR. while measures S (the PMR) and 6 (the SPMR) require only knowledge 
of deaths. However, the PMR suffers from a well-recognized limitation associated with 
such 'numerator-based' statistics-namely, that the observation of a relative excess (or 
deficit) of deaths in the test population does not necessarily indicate an absolute excess 
(or deficit) in the death rate due to that same cause. (See, for example. Refs (4, 6, 
pp. 59-60, 7).] Table 1 below illustrates this ooint. • .. 

Table I. Hypothetical mortality data ror white males 

Till Studard 
Data dacripcioll popollauo• populauon 

I. Slomacll c.- dntlll JO lOO 
2. All other deatlll 910 9WOO 
1 Tooal dea111s 1000 10.000 .. Jlopulauon·at-risk UIO.OOO 500.000 
J. Proponoon of all datlll due to 0.03 0.02 

llomacllcan-

•• Death ra1e for 11omacll caMer 3/10.000 4/10.000 
1. Death ralt ror aU other ca- 97/10.000 196.'10.000 .. Datb ralt for all causes 100'10.000 lOO:IO.OOO 

Assuming, for simplicity's sake, that the age composition of the two white male popu· 
lations is identical. then the four rates (items 5-8) can be directly compared. Clearly. 
the proportion or deaths due to stomach cancer is higher in the test population than 
in the standard population (0.03 JIS 0.02), and yet the absolute death rate for stomach 
cancer is lower in the test population than in the standard population (3/10.000 vs 
4/10,000). 

1.2. Discussion of RSMR and SPMR 

The summary statistic most often used to compare observed and expected death 
rates. across the full age-range of interest, is the Standardized Mortalit)' Ratio (SMR). 

· (See Definitions 2 and 3 given earlier.) Given the assumption of identical age composition 
for the two populations in Table 1, the following two SMR scan be calculated: 

3/10.000 
Stomach cancer: SMR • 4/lO,OOO • 0.15. 

100/10.000 
All causes: SMR • 200/lO,OOO • O.SO. 

Now, as mentioned above, the SMR for stomach cancer is calculated directly, without 
knowledge of items 7 and 8 in Table 1. However, herein lies a limitation in the meaning· 
fulness of a cause-specific SMR: it necessarily lacks any relativity to the underlying 
(all causes) force of mortality within the test population. In other words. simply to 
say that, compared to the standard population. there is a 25% deficit of stomach cancer 
deaths in the test population would be to ignore the fact that. since there is an overall e 
mortality deficit of 5001. in the test population (i.e. all-causes SMR • 0.50), the death 
rate from stomach cancer in the test population is higher than would be expected 
on the basis of the overall de:uh rate. In order to express the actual stomach cancer 
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mortality experience of this population relative to its overall mortality ex.perience. a 
'corrected' or relative SMR (RSMR) can be: calculated as: 

C 'fi RSMR Cause-specific SMR 
ause-spec:l c • = All-causes SMR 

For example. the RSMR for stomach cancer (Table 1) is: 

0.15 
RSMR • 0.50 • 1.50. 

Note that this procedure produces a mortality ratio that is essentially relative. and 
therefore one that no longer expresses the absolute deviation of the observed cause
specific death rate from the expected rate. However. the loss of absolute information 
resulting from this correction procedure is offset by the following considerations: 

1. The correction procedure is an addition to. not a substitute for. the initial calcula
tion of a regular SMR. (In practice. this adjustment is often made reflexively by the 
person scanning a schedule of SMR's that includes the all-causes and various cause-
specific SMR's.) . 

2. In reality. the difference between the regular and relative SMR's is usually much 
less than in the above 'contrived example. The all-causes SMR lies within the range 
0.80..1.25 for most test populations. The correction procedure therefore simply makes 
clearer the meaningfulness of the obsen·ed mortality experience from a specific cause. 

3. Because of the difficulty in obtaining an 'ideal' standard population. the regular 
cause-specific SMR is often of dubious meaning. since it implies that the value of 1 
is the proper baseline figure for comparison purposes. For instance. in the field of 
industrial occupational epidemiology. it is common practice to compare the test popula
tion to some general community population (often the national population). This is 
typically a matter of necessity rather than choice. Consequently. because of the 'healthy 
worker' selection process (whereby, to be employable on the production line, a person 
must be fairly healthy and active). the mortality experience of an industrial population 
in an industry free of serious mortality hazard usually results in an overall SMR of 
about 0.80..0.95. Hence, it is really this overall.SMR that should be regarded as the 
'baseline' against which cause-specific SMR's should be evaluated. 

In a way exactly analogous to the age-standardization procedure used to obtain an 
SMR. a Standardized Proportional Morrality Ratio (SPMR) can be calculated from the 
sets or age-specific mortality data for two populations. (See Definition 6 given earlier.) 
For example. given the assumption of identical age composition for the two populations 
in Table 1. the stomach cancer SPMR is calculated as 0.03/0.02 • 1.50. 

Because or'the previously mentioned pitfalls of •numerator' analysis. proportional 
mortality rates have been used sparingly in mortality studies. For this reason. the SPMR. 
as a formal summary statistic. has been largely overlooked in the literature. Whereas 
the analysis or absolute mortality rates typically turns upon the calculation of SMR's. 
the anal)·sis or proportional mortality rates appears to ha\'e not yet assumed any proce
dural orthodoxy. Different authors treat numerator data in various ways [e.g. Refs 
(1. 3-5)]. but the potential of the SPMR as an important index of mortality appears 
to have be~n largely overlooked . 

Note from the above calculations for stomach cancer that the SPMR has exactly 
the same \'alue as the RSMR. That is. the SPMR. despite the absence of information 
on the PAR. appears to provide a short-cut to the calculation of the RSMR. whose 
usefulness has been described abo\'e. Of course. the Table I data. with its assumption 
or population identicality with respect to age distribution is unrealistic. What. therefore. 
is the general relationship between the SPMR and the RSMR'! 

The principal objective of this paper is to note empirically that the SPMR provides 
a sood approximation to the RSMR. Under certain assumptions. the accuracy of this 
approximation may be quantified: in particular, a 'confidence interval' may be con-
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structed about the (sample) SPMR which with high probability contains the (sample) 
RSMR. This is explored in Section 2 below. 

Assuming. based on the discussion above, that the cause-specific RSMR is of central 
interest, it is reasonable to ask under what circumstances one would be concerned 
with approximating it by the SPMR. The basic circumstance is both obvious and com
mon-the situation wherein mortality data are available. but the population source 
cannot be quantified. This situation might arise in several ways. Firstly, death certificates 
may have accumulated historically over a number of years in a well-defined population 
setting (e.g. an industrial population~ for which insufficient information is available 
for 're-constructing' the original PAR. [See, for example. Moss et al. (7).] Secondly. 
deaths might be occurring in a general community setting for which it is not possible 
to determine accurately the size and composition of the PAR. · "'' 

In the next section. the relationship between the RSMR and the SPMR is explored 
in a quantitative fashion. 

. .. 
2. STATISTICAL CONSIDERATIONS 

It is the purpose of this section to quantify the relationship between the SPMR 
and RSMR. ·with specific attention being given to a theoretical examination of why 
the SPMR empirically seems to be a very useful approximation to the RSMR. 

The following notation will be used throughout. Consider a specified cause of death 
(i, say) and, for standardization purposes, suppose that there are g age groups. with 
n.1 the size of the jth age group PAR. Let 

d1• = observed number of deaths due to cause i in the test population. 
d.1 == observed number of deaths in the jth age group of the test population. 

' d .. = L d.1 =total observed number of deaths in the test population, 
}•1 

p11 ., cause i death rate for the jth age group of the standard population. 
P.J == all-causes death rate for the jth age group of the standard population. 

Then, the usual computational formulae for SPMR1 and RSMR1 can be written as 
follows: 

SPMR
1 
= d,. 

' r a,jd.J 
J•l 

w~ere a11 - p1Jp.1 ==proportion of all deaths due to cause i in the jth age group of the 
standard population: and: • 

d,.; t n.JPiJ 
RSMR == SMR (cause i) == 1., 

1 SMR (all causes) 
d .• f t n.1P.J 

J•l 

To facilitate the subsequent analysis and to emphasize the similarity in structure 
between SPMR1 and RSMR,. it is convenient to rewrite the above expressions in 
the following equivalent forms: 

and 

(I) 

{2) 

'· ·' 
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are. respectively, the observed and expected proponions of deaths occurring in the jth 
age group of the test population. The notation suggests that w1 is, in some sense, an 
approximation to w1• Note that: 

from (1) and (2~ SPMR1 and RSMR1 are equal if: 

• • r a,JwJ - r a,j(JJJ• 
J•l J•l 

or. equivalently. using &1 • d .Jd .. and rearranging. if: 

• I: a,1(J.1 - wAJ = o. 
J•l 

(3) 

Formally, if either the la11) do not vary with j or if w1 • w1 for each j, then (3) holds; 
the latter condition implies that the all causes SMR's calculated for each age group. 
the {d,J!n.1p.1J, must be equal (but not necessarily equal to 1). Neither of these conditions 
can be expected to hold in practice. but empirical evidence supports the approximate 
equality of the weighted sums in (3). 

Another approach to comparing the SPMR and RSMR is by examination of the 
inequality: 

IRSMR; I 
SPMR

1
- l < k,. (4) 

or, equivalently frpm (1) and (2): 

• r a,Jwl • 
J•l - 1 k 

f < I• 

L a,JfJJJ 
J•l 

It is our goal to specify k1 independently of the :n.1:, which are unknown quantities 
when information on the PAR is unavailable. 

for comp!etcness. it is worthwhile mentioning that one can find inequaJities of the 
form (4) which arc wholly deterministic, e.g.: 

• 

I
RSMR,- •I s ~~ a,Jma~(&J, 1- &1). 

. SPMR1 mm a,1 . J 

However. such inequalities appear to be much too crude and are generally uninformative 
in actual practice. 

Thus. we turn next to a probabUistic statement of the form: 

{IRSMR; I } Pr SPMR, - 1 < k1 ~ (1 - «), (5) 

or equivalently: 

Pr:(l - k1)SPMR1 < RSMR1 < (1 + k1)SPMR1l ~ (1 - 2). (6) 

The above statement is exactly in the form of a confidence interval• for RSMR1• 

•Stricdy. we are Dot con1idcrina a confidence interval for a parameter. Iince RSMR, is itself a random 
variable. 

• 

' 

... 

.. 
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In order to proceed funher along these lines.· we will assume that. conditional on 
the total number of deaths d ..• the :d.1l are multinomially distributed with parameters 
{w1l. (In words. we are assuming that the expected number of deaths due to all causes 
in each age group of the test population is roughly the same as that for the standard 
population. While this assumption may be questioned. the conclusions it has yielded 
appear robust based on the examples presented below.) If: 

aj • (au.a,z, .• .,a,,), 

and 

ol • (w1,wz, .... w,), 

then the above assumption implies that: 

E(t. a1iw1) • E(ajW) • ajw 

and 

var(t; a,1w1) = a~Ya,, 

... 

where d .. Y - diag(w1, Cl1z, • •• , w,) - ww'. It can be shown that a good computational 
formula for var(ajW) is 

the estimator a~Ya, of a',Ya1 is then obtained by using w1 for OJ1 in the above formula. 
Again, the multinomial model we are proposing is only expected to provide a reason

able approximation to. and not an exact representation of, the true state of affairs. 
One saving feature is that we are actually dealing with a linear combination of random 
variables (which are constrained to sutn to unity), and such a linear combination could 
be expected to be robust to aberrations in its individual components. The examples 
we shall presently consider seem to support this contention. 

Without making any further assumptions, it is now possible to obtain a statement 
of the form (5) using Tchebysheff's Theorem [e.g. see Cramer (2), p. 183]. If X is a 
random variable with mean p and variance aZ, this thoerem says that 

Pr{IX- JJI < ta} ~ 1 - 1/tz for any t > 0. • 

Under our model, 

RSMR1 ajfil 
~~~--SPMR, ajw 

has mean I and variance ajYa;/(a~w)z, so that for t • cz-tt.z we have 

Pr{\::~~:- 11< :z-ttz(a',J'a;)''Z/a~w} ~ (1 ~ cz); 

this statement is exactly of the form (5) with 

k, • :r-IIZ(ajYa;)IIZ/ajw 

If k, denotes the estimate of k1 obtained by using w1 for OJ1 in the above expression, 
then, for :r • 0.01, it follows from (6) that we have approximately 

Prf(l - k:)SPMR1 < RSMR, < (1 + k1)SPMR1} ~ 0.99 (7) 

when £, • lO(a;va~)liZ /aP,. 

. 
'i 
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3. EMPIRICAL RESULTS 

One reasonable way to evaluate the reliability of the approximate confidence interval 
(7) is to apply it to several sets of data for which the requisite information is available 

Table 2. Behavior or the confidence interval (71 or Section 2 ror 
various data sets and various causes or death 

(2A) Data source: white miners 

Taul4callla Number tn 
iaqe ... lfOIIP. 

AplfOIIpJ PHP. 4, .I .. I .I 

l0-14 191 74591 0.0)91 0.0)41 
U-19 )51 15071 o.ona 0.0409 
l0-)4 )41 10145 0.04S6 G.0471 
ls-44 1095 141110 0.1465 0.1609 
4~54 1114 101649 G.lll1 G.l71! 

'~" 1554 424'N 0.10'19 G.lUO ... lOS I J00]7 0.17" O.UII 

c-ot•a~ll.; SPMR, II - (ISPMR, RSMR, •• 
Tubercvl•• ... ,. t.Jaa 1.Sll 1.411 0.0510 0.0496 

(281 Data source: tire plant I 

• Total deaths Number in 
Ap lfOIIPJ ill ap poup. 11 1 . ap poup "I iol •; 

40-54 1)2 161)9 0.0691 0.0715 
5~ m 15409 0.1760 0.200! 
6~ 14!7 19'199 G.1S42 0.7211 

ca-oldaatll.l 4 SPMR, II - i,ISPMI, II + l,ISPMR, ISM I, a; • .. 
lCD lOG-lOt ILcukamia CirouPJ )4 1.201 1.1'19 l.llS 1.191 0.0511 0.0151 
lCD Ul ISiomacll Ca-rl l6 1.646 1.614 1.611 1.651 O.OIIS 0.0116 
lCD 160-161 Clnptr. Ca_,1 t2 G.l11 UlO 0924 0.165 O.OS6l 0.0554 

(2C) Data source: tire plant II 

Tocal deaths Number in. 
Ap lfOIIpj in ap poup. 11 1 ... aroup .. , .I •; 

40-44 7 )160 0.0029 0.0051 
4~9 55 mt 0.0132 0.0112 
l0-14 I) 9210 0.0]50 0.0411 

'~" 161 9961 0.0101 0.0111 
60-64 l06 11317 0.12911 O.USJ 
6S-69 451 11.&74 0.1926 0.116S 
10-74 Sll 9404 0.:1:31 Q.ll44 
7~79 416 SIOU Q.l005 01000 .... 290 :Jll O.lll2 0.11)4 

c-otdalllll "· SPNR, (I- l)SPMR, II + l,ISPNR, ISM I, .;. •• 
IC'D 140-ll9 4l6 uwo· Ulllll 1.011 I.Oll O.II'NO 0.11760 
lCD 140-1., 7 O.SlO 0.4~) 0.567 O.S:!I O.OOSSI 0.011556 
lCD ll0-159 IS2 J.ISO 1.1%1 1.171 I.ISO O.OS570 0.05561 
IC'D ISO I 0.101 0.751 0.160 0.107 0.00411. O.OOU7 
lCD 160-161 110 CI.IS6 0.79-1 0.919 CI.ISl 0.0S9)1 O.CIS'IOS 
lCD 1~174 • 0.1)7 0.'191 O.IN O.lll O.OCMIIS Q.0040) 

ICDI~II9 16 1.200 l.ll1 1.264 1.206 0.0)0011 O.Ollll' 
lCD 190-199 l1 G.916 o.a.. 0.967 0.911 0.014110 0.01472 
lCD 206-lO" 2S 1.410 .... s 1.495 ...... 0.00717 0.00717 
lCD l00-209 52 t.ll) 1.2110 1.)47 I.) II 0.0166% O.O .. S6 
lCD ZI0-!39 • J.l7S 1.197 I.JSl 1.264 0.00200 0.0019. 
lCD :40-Z'/9 52 1.151 1.14l 1.16% 1.152 0.01902 0.01901 
lCD l64 J un 1.111 :l.J44 l.l14 0.110056 0.11011~ 

lCD US 2 Ull 1.9JI Z.lOS %.1)4 000019 0.000411 
lCD %!jQ-JI5 ' 0747 Ull 0172 o.m 00lll6 o.oozu 
lCD 1!0-Ut 16 1.04) OM 1.11116 1.0.16 0.006SI 0.~ 
lCD ,._.,. .... 1.0)1 I. Oil I.OSO I.OJJ OSOIOSO 0.59110 
ICD-Ht ..., U11 l.SOI %.6411 l.$16 001Sl~ 0.015)11 
lCD 571 lO 0116 II.W O.lfS.I 11.110) 0.01575 001549 
ICDUO-'Ot l 0.612 0.6S9 0.705 0.61S 000062 0.00062 
ICD~M .. 0.190 0.77) 1.01) 0.176 004310 0.04.10t 
IC'Dt~" JO I.Jll 1.101 1.546 l.l02 O.IIOtll O.OOtU 

• 

' 

. .. 
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and then see how it behaves. Table 2 below summarizes the results or such an application 
to three sets or data. One data set is taken from a D.H.E.W. Vital Statistics Report 
on 1950 Tuberculosis Mortality Among U.S. White Miners. The second data source 
represents preliminary findings concerning the mortality experience of hourly employees 
and ex-employees at a major tire manufacturing plant in Akron, Ohio over the 9-yr 
period 1/1/64-12/31/72. The third data set concerns the mortality experience of white 
male hourly employees at a major tire manufacturing plant in Akron. Ohio (distinct 
from the plant of the second data set) over the 10-yr period 1/1/64-12/31/73. U.S. 1950 
mortality data for men with work experience and U.S. national mortality statistics for 
1968 provide the corresponding standard population figures. 

From Table 2. it can be seen that in every instance the confidence interval calculated 
using (7) did indeed enclose the actual RSMR value. (It should be noted that while 
corresponding values of w1 and w1 differ widely in some cases. the weighted SU'mS ajt:~ 
and ajaj are very close to one another in value.) While this admittedly does not constitute 
an unequivocable endorsement of the procedure. it is nevertheless an encouraging find
ing. We can only hope that other researchers will subject our methodology'to similar 
evaluations using their own data sets. • 
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Addendum: Health Profile: Hazardous Waste Disposal Facility 

BHS, Inc. Prepared for: 
Wright City, MO 63390 

This addendum is provided in response to the comments of Dr. Mohammed 
N. Akhter raised in his letter of 6 May 1982 (appended) to Robert J. 
Schreiber concerning the Health Profile submitted by BHS as part of the 
application process for BHS' waste site operation. 

Introduction: 

We have addressed each point specifically raised in Dr. Akhter's letter. In 
general the health profile: 

1. was structured to be read and understood by a diverse audience of 
both technical and non-technical readers, and the interested public 
and waste site operators. This required a good deal of balance in 
both detail and organization of the report. We attempted to present 
the rationale, results, and analysis so that they could be read by a 
general readership, and have parallel technical back-up in suitably 
separated sections. 

2. Carefully considered the ramifications of a profile that provides a solid 
baseline for on-going health effects monitoring. Working with a one
page guideline, the profile was developed to provide the broadest cov
erage yet be inclusive of health effects that could be measured with 
statistical reliability, to focus on the immediate and surrounding sites, 
and to use health indicators that address potential waste site influenced 
hea1th effects. Again a balance is required, and the aspects of for
ward monitoring were carefully considered in order to meet the law and 
its intent. 

Response to the specific points raised in Dr. Akhter's letter of May 6, 1982. 

This section responds to each question raised in the letter. The question 
or comment is stated and the response follows. 

1. The profile was difficult to follow and understand. The report could 
have easily been shortened without sacrificing much substance. A 
table of contents would have helped. 

The profile was written to meet the specific requirements of the law 
and the guidelines. Because this was the first profile for the BHS 
site, additional material was provided to give adequate background and 
suggestions for the future. This report is addressed to three audien
ces: 1. State officials and regulators; 2. technical and methodolog
ical experts, and 3. interested, concerned members of the public and 
waste site operators. While these three audiences have the same 
general interests their needs for information, specificity and interpre
tation differ. However, it was deemed important that the profile and 
its presentation meet the requisites of these differing audiences in 
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order to meet the intent of the state statutes. An attempt was made 
to write the profile so that both a trained biostatistician and concerned 
layman can benefit from the analysis. 

The attached table of contents may be helpful in understanding the 
organization of the profile. The following provides a justification of 
each section. (A Table of Contents is provided as a separate page to 
be inserted in the BHS Health Profile Document.) 

Introduction 
Provides the statutory basis for the profile. 

Purpose of the Health Profile 
Interprets the intent of the law and guidelines for developing the pro
file. 

Detection of Health Effects of Hazardous or Toxic Substance 
Documents scientific disciplines for which the Profile is based. 

Sources of State Data for the Profile Construction 
Documents the data sources used in the profile and reviews their 
strengths and weaknesses. 

Health Profile Structure 
Discussion of the technical considerations of the data which must be 
recognized to interpret the data properly. 

Indices Selection 
Describes the sentenal health events used to monitor the health of the 
population. 

Analysis 
Describes the basis under which the data are analyzed. 

Summary of Findings 
Summarizes the results of the analysis. 

Technical Notes 
Technical notes for the proper interpretation of the profile and data. 

Appendix 1 - Health Profile 
Department of Natural Resources guidelines for a health profile. 

Appendix 2 - Health Effects-Disease-Substance Review 
Documentation of chemicals to be deposited at BHS site. Any known 
health effects and lCD code number and bibliography related to the 
chemicals is provided. 

Appendix 3 - Statistical Significance Charts 
The statistical significance charts used to determine confidence inter
vals of the rates. 

Appendix 4 - Map 
Map of Warren county and zip code 63390 surrounding the BHS waste 
site. 

Appendix 5 - Tables 
Tables of each of the health indices specific to the BHS profile. 

Time Series · 
Explanation of the time series techniques of analysis. Accompanying 
time series data are provided. 

SMR and SPMR Analysis 
Explanation of the SMR and SPMR techniques of analysis. 
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2. There needs to be some discussion of exactly how zip code 63390 re
lates to the 3-5 mile radius suggested in the guidelines. 

In conforming to the 3-5 mile radius suggested in the guideline we re
viewed the surrounding site zip codes for their geographic coverage. 
Zip code 63390 approximates this requirement and, coequally important 
to meeting the guideline requisites, provides a definitive unit to re
trieve the pertinent health data. 

Appendix 4, the surrounding site map, has been redrawn to show the 
3-5 mile radius around the site. Zip code 63390 meets the requisites 
for surrounding site area coverage. The redrawn map is enclosed. 

3. In Appendix 2 11 Health Effects-Disease-Substance Review 11 some ICD-9 
codes, such as 780.3 for convulsions or 285.9 for anemia, are omitted 
from the list of toxins and codes without explanation. 

The ICD9 Codes were provided for those selected conditions in Appen
dix 2 which represent the most definitive outcomes for which tabula
tions would be meaningful for comparative and analytical treatment. 

Those conditions identified with specific codes were considered indica
tor conditions for, 

1) monitoring purposes 
2) providing the most specificity in terms of serious illness 

relationships strongly related to hazard substances com
pounds 

3) having the least potential for introducing other confounding 
underlying effects. 

Codes were not provided where conditions did not meet these criteria, 
in order to preclude their consideration for tabular and analytical 
development. The code exclusions represented general signs, symp
toms, or conditions which were not considered as having a degree of 
specificity for inferential analysis with respect to site operations. For 
example convulsions and anemia are two such conditions having multi
causative factors. The occurrence of, and etiology of such conditions 
would add more noise to the profile than enlightenment, hence the 
profile rather than recite what is left out, concentrates and enumerates 
those conditions of known risk. 

4. Only cancer mortality and morbidity is examined in much detail in the 
analysis. While this is probably due to the small numbers involved for 
other diseases, the reasoning should be stated explicitly in the text. 

As mentioned in the comment, the information on other causes was 
omitted because of small numbers. The criterion of adequate numbers 
was given in the narrative (Section 5), and referred to specifically in 
Technical Note 3 (p. 29), relating to the companion table of causes of 
death. For example, there were no deaths for the site zip code and 
Warren county categories for the 19 selected causes given in Table 11 a 
for the Hospital Discharges. The comparable Table 11 for mortality W 
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5. 

6. 

would have resulted in essentially 0 cells for all areas for all the 
causes listed except for the State entries in the table. This holds for 
Maternal Deaths as well. 

Fully understanding the problems associated with the changes from 
ICD-8 to ICD-9, it would have been advantageous to examine cancer 
mortality for years before 1979 in order to increase the numerator 
size. Similarly, congenital anomalies from the hospital discharge file 
could be collected for data years before 1979. 

As noted in the reviewer•s comment and the North Carolina Center for 
Health Statistics' Report: It is recognized that it would have been 
advantageous to examine cancer mortality for years prior to 1979. 
However, this was specifically addressed in the profile with the in
clusion of the article on comparability ratios using State data prepared 
by the North Carolina Center for Health Statistics. The problems 
noted at the state level in this report would have even more effect on 
information based on geo-political subdivisions. Because of instability 
of these ratios they were not included in the profile. We believe the 
precision of theprofile would be compromised by inclusion of data of 
unknown comparability. This could lead to erroneous interpretation 
when future years data are compared with the base line presented in 
this profile. 

The benefit derived from the 11 aggregate counties 11 grouping is ques
tionable. Most of the population in this area is in St. Charles County 
which is much more metropolitan in nature than residents around the 
site area. 

The 11 aggregate counties 11 data were included as part of the nested 
comparison approach (Section 7.1 p. 17). As documented in the 
report, the surrounding site data can be compared to both the State 
level and larger surrounding county data. This sharpens the ability 
of the profile to detect differences and trends in health profile out
comes. The State itself is a mix of rural and urban components, hence 
the surrounding, county, and aggregate county levels provide a pro
gressive comparative basis. In addition these nested level provide a 
measure of 11 spill-over11 adverse health effects into immediately sur
rounding areas. 
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Addendum 2. Health Profile, Hazardous Waste Disposal Facility 

Prepared for: BHS, Inc. 
Wright City, Missouri 63390 

Introduction 

This addendum is provided in response to the comments by Joseph 8. 

Reichart, raised in his letter of 14 June 1982 (appended) to Robert J. 

Schreiber concerning BHS' responses to the critiques and comments raised by 

the Missouri Division of Health in their initial review of the BHS Health Pro-

file. 

The appended data and analysis are provided as specified in Mr. 

Reichart's letter to cover the two conditions described in his letter: 

1. cancer mortality for the period 1972-1978 and 

2. congenital malformations for the period 1976-1978. 

The analysis includes the site area, Warren County, and Missouri as specified 

in the letter. 

We recognize the State as the arbiter of the Health Profile. Although we 

raised technical reservations concerning the use and period of the data re-

quested, we do wish to comply fully with the State's review. 

The analysis follows the request and guidelines implicit in Mr. Reichart's 

letter, consistent with the original profile. The Missouri State Center for 

Health Statistics was most cooperative in providing the additional data re-

quested for this addendum. 
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SPECIFIC ANALYSES REQUESTED IN 

MR. JOSEPH B. REICHERT 1S LETTER 

OF JUNE 14, 1982 

A. Live Births with Congenital Anomalies 

Table 1 summarizes the frequency of events by type of congenital anom-

aly for the years 1976-1978. Frequencies for both the site and for Warren 

County were small even when aggregated for the three year period. 

Tests of significance (Poisson-based) of the total rate of malformation 

were carried out for the site versus Missouri and Warren County versus 

Missouri for the periods specified in Mr. Reichart•s letter. Results of these 

tests, using 95% confidence levels were: 

1. Site versus Missouri - not significant. 

2. Warren County versus Missouri - significant. 

This latter result indicates that the aggregated period rate (1976-1978) 

of congenital anomalies in Warren County (65. 7) is significantly higher than 

the State of Missouri (27. 3). Three factors must be considered in evaluating 

this result; 1) the high degree of variability associated with small numbers, 

2) the differential degree of reporting these events in the hospital discharge 

data system, and 3) the aggregation of the specific years and factors in these 

years contributing to possible heterogeneity of experience. It is, therefore, 

recommended that additional data be reviewed as these become available both 

in term5 of current years and in terms of improved completeness of the data 

files of the Missouri Center for Health Statistics. Monitoring of these events 

in Warren County should be instituted consistent with the recommendations 

made in the initial BHS Health Profile. 
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The rate for the site, though not statistically significant compared with 

the State, is subject to the same constraints on the data as noted above. 

I The observed rate for the site, which was higher than the State, suggests 
i 

similar review and monitoring be carried out for the site area as for Warren 

County as subsequent years of experience are accrued. 

B. Deaths Due to Malignant Neoplasms. 

Table 2 summarizes the frequencies and rates for the major categories of 

death due to malignant neoplams for the Site, Warren County, and Missouri: 

for the period 1972-1978. Deaths have been aggregated for the seven year 

period and the mid-period population, 1975, was used as the base. Popula-

tion estimates over this period showed only minor variations. 

Tests of significance were carried out (Poisson-based) for the Site 

versus Missouri and Warren County versus Missouri for each cause of death 

.• category shown, and for the total malignant neoplasm deaths. Rates for both 

the site and Warren County were not significantly different from the State of 

Missouri. Generally, rates for the site area were lower than, or equal to, 

those for the state; for Warren County, rates for the respiratory system and 

for leukemia were slightly higher than the State, and lower for the other two 

categories as compared to the State. The overall rate for the county was 

higher than for Missouri. 

The higher rates for Warren County, though not statistically significant, 

should be monitored for these causes. Any subsequent elevated rates which 

are shown to be statistically significant should be followed by an epidemio-

logical investigation before any causal relationships can be established. 
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TABLE 1 

Number of Live Births with Congenital Anomalies by Type, and 
Total Rate by Site, Warren County, and Missouri, 1976-1978 

Type (lCD Category)l 

Brain and Nervous System (740-742) 

Eye, Ear, Face and Neck (743-744) 

Heart and Circulatory System (745-747) 

Respiratory System (748) 

Cleft Lip and Palate (749) 

Upper Alimentary Tract and Digestive 
System (750-751) 

Genital Organs and Urinary System 
(752-753) 

Musculoskeletal System (754-756) 

Integument (757) 

Other and Unspecified (758-759) 

Total Anomalies (740-759) 

Total Live Births with Anomalies 

Total Live Births 

Rate per 1,000 Live Births 

Site 

0 

0 

0 

0 

0 

0 

1 

3 

0 

0 

4 

4 

68 

58.8 

Warren 
County 

0 

3 

4 

0 

0 

1 

1 

9 

0 

1 

19 

18 

274 

65.7 

1 1 ncludes H-1 CDA-2 and Corresponding I CD-8 categories. 

Missouri 

220 

320 

444 

112 

215 

330 

794 

1,448 

202 

234 

4,319 

3, 774 

138,307 

27.3 

Note: As shown in the Technical Notes of the original report, hospital 
discharge data for births were lower for the site area and Warren 
County when compared to the State. Rates were adjusted subse
quent to the tests for significance and re-tested. Results were 
unchanged; the unadjusted figures are presented in the table. 

Sources: Missouri Vital Statistics, 1976-1978; Missouri Center for Health 
Statistics. 
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TABLE 2 

Number and Rate of Deaths Due to Malignant Neoplasms by Site, 
Warren County, and Missouri, 1972-1978 

Site Warren 
Missouri 

Cause ( ICD-8 Category) County 

Number Rate Number Rate Number Rate 

Digestive System 9 229.8 42 344.3 16,706 350.5 
(150-159) 

Respiratory System 13 332.0 49 401.6 15,547 326.1 
(160-165) 

Leukemia (204-208) 1 25.5 9 73.8 2,729 57.2 

All Other Sites 12 306.4 72 590.2 29,328 615.2 

~ --------------------------------------------------------------------------------

. ···11 

Total (140-208) 35 893.8 172 1409.8 64,310 1349.1 

Note: Rate per 100,000 estimated mid-period (1975) population for Missouri 
and Warren County; 1980 population used for site due to lack of 
available data. Estimates provided by Missouri Center for Health 
Statistics. 

Sources: Missouri Vital Statistics, 1972-78; Missouri Center for Health Statis
tics . 

5 



 
 
 
 
 
 

APPENDIX E 
 



/ --

• 

HAZARDOUS WASTE SPILL EMERGENCY RESPONSE 

1. Immediate Action: 

(a) In the event of a discharge <spill) of Hazardous 
Waste, the person responsible for the waste (Driver) 
at the time of the discharge shall immediately: 

I Take appropriate action to minimize the threat 
to Human health and the environment 

(A) Shoveling of waste back into container; 
(B) Temporary dam or berm to contain waste; and 
(C) Drivers have the authorization to hire, 

purchase or otherwise acquire equipment and 
supplies to contain a spill. 

Note: Utilize appropriate safety equipment as 
indicated on the safety sheet at all times. 

II Notify one representative of B.H.S., Inc. of the 
Spill 

(A) Mike Gill 
(B) Ben Moore 
(C) Bruce Bote 

(Home 314-625-2064) 
(Home 314-625-2864 ) 
(Home 314-456-3666) 

III Give notice to the National Response Center 
( 1-800-424-88021"" ·and to the Department in the 
appropriate state. 

(A) Mo. DNR 
(B) Nebraska 
(C) Illinois 
(D) Iowa 
(E) Kansas 

(314-751-3241) 
(402-471-2186) 
(217-782-6760) 
(515-281-8921) 
(913-862-9360) 

Note: When calling the above numbers ask for the 
Hazardous Waste Spill Coordinator at State 
level • 



(b) Provide the following information when reporting the 
spill: 

I Name, phone number, and address of person 
responsible for the discharge; 

II Name, title and phone number of individual 
reporting; 

III Time and date of discharge; 

IV Location of Discharge - as specific as possible 
including nearest town, city, highway or 
waterway; 

V Description contained on the manifest or other 
pertinent documents and the amount of waste 
discharged; 

VI Cause of discharge; and 

VII Emergency action taken to minimize the threat to 
human health and the environment. 

2. Secondary Action: 

(a) Start to locate available equipment (Highlift, 
dumptrucks) as ne~~~~ for clean-up. 

(b) If Weather indicates possible movement of waste 
(rain) then driver will receive authorization to 
commence clean-up. This will come from verbal report 
to B.H.S., inc. representative. 

(c) The drive is the on scene representative of B.H.S., 
inc. until the Emergency Spill Coordinator arrives. 
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...... MMTL 
Analytical Services 

Client: Bob's Home Service 
Route 1, Box 116F 
Wright City MD 63390 

Attention: Mike Gill 

Customer P. 0. Number: 

REPORT OF ANALYSIS 

Sample No. 
========== 

LEACHATE SAMPLE 
BODS 

- ···-------·--

COD 
Carbon, Total Organic 
Residue, Total Suspended 
Nitrogen, Ammoni~ 
Nitrogen, KJeldahl 
Sulfate 
Sulfide 
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PheY'tOl 
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Date 

MMTL 
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114 East Elm, Suite 3 
O'Fallon, MO 63366 
314/281-2858 

Repc•rted: 03/29/85 
Sampled: 02/11 /8~.'j 
Received: 02/18/85 

Report Ncr: 18292~ 

Accourtt Nco: 10007 
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. VOLATILE ORGANICS - COMPOUND LIST 

1e DETECTION ,. VOLATILE ORGANICS CONCENTRATION LIMIT 
I (UG/L) (UG/L) 

IV. CHLOROMETHANE 10 10 2V. VINYL CHLORIDE BDL 10 3V. CHLOROETHANE BDL 10 4V. BROMOMETHANE BDL 10 5V. ACROLEIN BDL 100 6V. ACRYLONITRILE BDL 100 7V. METHYLENE CHLORIDE 5200(1) 10 8V. TRICHLOROFLUOROMETHANE BDL 10 9V. 1,1-DICHLOROETHYLENE BDL 10 lOV. 1,1-DICHLOROETHANE 270· 10 11V. TRANS-1,2-DICHLOROETHYLENE 75 10 12V. CHLOROFORM BDL 10 13V. 1,2-DICHLOROETHANE 1000 10 14V. 1,1,1-TRICHLOROETHANE 180 10 15V. CARBON TETRACHLORIDE BDL 10 16V. BROMODICHLOROMETHANE BDL 10 I 17V. 1,2-DICHLOROPROPANE BDL 10 
j 18V. TRANS-1,3-DICHLdROPROPENE BDL 10 19V. TRICHLOROETHYLENE 38 10 I 20V. BENZENE 12 10 e 21V. CIS-1,3-DICHLOROPROPENE BDL 10 22V. 1,1,2-TRICHLOROETHANE BDL 10 23V. DIBROMOCHL'ORMETHANE BDL 10 24V. BROMOFORM BDL 10 25V. 1,1,2,2-TETRACHLOROETHYLENE 11 10 26V. 1,1,2,2-TETRACHLOROETHANE BDL 10 27V. TOLUENE 2400(1) 10 28V. CHLOROBENZENE BDL 10 29V. ETHYLBENZENE 210 10 30V. 2-CHLOROETHYL VINYL ETHER BDL 10 

BDL • BELOW DETECTION LIMIT 

(1) Quantitated using secondary ion 



I 

I 

ACID EXTRACTABLE ORGANICS - COMPOUND LIST 

DETECTION* 
ACID EXTRACTABLE ORGANICS CONCENTRATION LIMIT 

~UGLLl ~UGLLl 

lA. PHENOL 16000 2500 
2A. 2-CHLOROPHENOL BDL 2500 
3A. 2-NITROPHENOL BDL 2500 
4A. 2,4-DIMETHYLPHENOL BDL 2500 
SA. 2,4-DICHLOROPHENOL BDL 2500 
6A. P-CHLORO-M-CRESOL BDL 2500 
7A. 2,4,6-TRICHLOROPHENOL BDL 2500 
SA. 2,4-DINITROPHENOL BDL 25000 
9A. R-NITROPHENOL BDL 2500 

lOA. 4,6-DINITR0-0-CRESOL BDL 25000 
llA. PENTACHLOROPHENOL BDL 2500 

BDL•BELOW DETECTION LIMIT 

*Sample analyzed using a 100:1 dilution, thus the higher than normal 
detection limits. 



.. ' " 

BASE-NEUTRAL EXTRACTABLE ORGANICS - COMPOUND LIST 
' 

e DETECTION 
BASE-NEUTRAL CONCENTRATION LIMIT 
EXTRACTABLE ORGANICS UGlL UGlL 

I lB. N-NITROSODIMETHYLAMINE BDL 10 I 

2B~ BIS (2-CHLOROETHYL) ETHER BDL 10 
3B. 1,3-DICHLOROBENZENE BDL 10 
4B. 1,4-DICHLOROBENZENE BDL 10 
SB. 1,2-DICHLOROBENZENE BDL 10 
6B. BIS (2-CHLOROISOPROPYL) ETHER BDL 10 
7B. HEXACHLOROETHANE BDL 10 
BB. N-NITROSODI-N-PROPYLAMINE BDL 10 
9B. NITROBENZENE BDL 10 

lOB. ISOPHORONE 110 10 
liB. BIS (2-CHLOROETHOXY) METHANE BDL 10 
12B. 1,2,4-TRICHLOROBENZENE BDL 10 
13B. NAPHTHALENE 91 10 
14B. HEXACHLOROBUTADIENE BDL 10 
15B. HEXACHLOROCYCLOPENTADIENE BDL 10 
16B. 2-CHLORONAPHTHALENE BDL 10 
17B. DIMETHYLPHTHALATE BDL 10 
18B. ACENAPHTHYLENE BDL 10 
19B. 2,6-DINITROTOLUENE BDL 10 
20B. ACENAPHTHENE BDL 10 
21B. 2,4-DINITROTOLUENE BDL 10 e 22B. DIETHYLPHTHALATE BDL 10 
23B. FLUORENE BDL 10 
24B. 4-CHLOROPHENYL PHENYL ETHER BDL 10 
25B. DIPHENYLAMINE (N-NITROSO) BDL 10 
26B. 1,2-DIPHENYLHYDRAZINE (AZOBENZENE) BDL 10 
27B. 4-BROMOPHENYL PHENYL ETHER BDL 10 
28B. HEXACHLOROBENZENE BDL 10 
29B. PHENANTHRENE BDL 10 
30B. ANTHRACENE BDL 10 
31B. DI-N-BUTYLPHTHALATE BDL 10 
32B. FLUORANTHENE BDL 10 
33B. BENZIDINE BDL, 10 
34B. PYRENE BDL 10 
35B. BUTYLBENZYLPHTHALATE BDL 10 
36B. BENZO(A)ANTHRACENE BDL 10 
37B. 3,3'-DICHLOROBENZIDINE BDL 10 
38B. CHRYSENE BDL 10 
39B. BIS (2-ETHYLHEIYL)PHTHALATE BDL 10 
40B. DI-N-OCTYLPHTHALATE BDL 10 
41B. BENZO(B)FLUORANTHENE BDL 10 
42B. BENZO(K)FLUORANTHENE BDL 10 
43B. BENZO(A)PYRENE BDL 10 
44B. INDEN0(1,2,3-C,D)PYRENE BDL 25 
45B. DIBENZO(A,H)ANTHRACENE BDL 25 

e 46B. BENZO(G,H,I)PERYLENE BDL 25 

BDL•BELOW DETECTION LIMIT 
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·----------~~------~~--------------------------------------------------------~ 

I\ • f 

office use 
Request M.ISSOO~EPARTMENT OF NA'IURAL RESOORCES 

·'/ HA S W~STE DISPOSAL REQUEST 
.. .'. ·:.: L -~ ~·~~ J'_i . .'"· ... 

No·----------

I. ,. GEN~AL M~~TION·,, 

] ./··'' (l' ·,, 
'Name: ·· · 
AdQ.ress: . 
City ,State ,,Zip: 
Contact: Person 
Telephon~ No. 

...... ~, 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Waste Genera tor 

Mobay Chemical Co. 
P.O. Box 4913 
Kansas City, Mo.64120 
John Lawson 
816-242-2000 

II. WASTE CHARACTERIZATION 

Waste Hauler~ ·: · 
. . . ': . . ' . ' ~ .. 

:a •. H~ s., lnc 
Same · 
Same 
Same 
Same 

Waste Location 

State Id t 01231-024 
Same 
Same 
Same 
Same 

A. Name of waste - ~ain wastewater treatment sludge 

' . ~ ' 

B. Description of generation process - Solids from the primary, 
secondary and tertiary treatment facilities after centrifuging 

c. Basic physical state @ 70 
pH - 4.5 to 9.5 
% Moisture - 50 to 70 % 
Pumpable - No 
Free Fluid - No 
% Organic Liquid - < 5 % 

F - Sludge 
Flash Point - N/A C 
Specific Gravity-1.1 to 1.5 mg/1 
Odor - Moderate to strong 
Free Flowing - No 
Vol @ 600 C - 70 to 90 % 

D. Known hazards of the waste - Listed by Mo. DNR regulatory 
direction only 

E. Chemical composition -
Sanitary solids 5 - 15 % 
Tertiary solids 2 - 5 

, Dirt/Clay/Salts & other inert 

Secondary solids 10 - 20 % 
Water Balance 
solids 5 - 15 % 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - 500 du. yds. 

B. Rate of generation - One time only 

IV. TRANSPORTATION 

A. Containers used for transportation - 10 - 20 cu.yd. boxes 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

B. Type of Vehicle - roll-off 

c. Label identification - NA-9189 

D. Route of transportation - I435 to I70 to Wright City to H to M 
to Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
-Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste -Rubber gloves, 
safety glasses, portable eye wash, apron 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - One time only 

c. Disposal technique - General trench area 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cubic yard gondola. 

B. Type of Vehicle - Tractor trailer 

c. Label identification - NA 9189 

D. Route of transportation - I70 to Wright City to H to M to 
Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed s~in with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids. Avoid contact with skin. 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 60 cubic yards per week. 

c. Disposal technique - General trench. 



i i 
: / 
i 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cubic yard gondola. 

B. Type of Vehicle - Tractor trailer 

c. Label identi'fication - NA 9189 

.• 

D. Route of transportation - I70 to Wright City to H to M to A 
Muenz to Site W 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids. Avoid contact with skin. 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 60 cubic yards per week. 

c. Disposal technique - General trench. 



1/ Sample Deacription: Lasoon Sluqe 

• 

Parameter 

Total Concentration 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercury 
Silver 
Zinc 

Copper 
Nickel 
Iron 
Phenol 

Cyanide 
Methylene Chloride 
Perchloroethylene 

Density 

leaulta 

0.61 ltg/kg 
650 mg/kg 
2 mg/k.g 
220 mg/kg 

1.300 mg/kg 
0.02 mg/kg 
0.33 mg/kg 
2,600 mg/kg 

50 mg/kg 
960 mg/kg 
2.000 mg/kg 
7 mg/kg 

0.40 mg/kg 
< 10 mg/kg 
< 10 mg/kg 

1.08 g/ml 

Methodology - as per Federal Register 41, No. 232 and 43, No. 243. 

cc: Mr. Paul Sgriccia 

Approved: ~~lio:::31~!1!!1::i'dda.~~:::=;.....:::iollio::"""~ .... ~~c;;c~:z:.o~7 __ _ 
Alan Kerschen 
Laboratory Director 



LANGSTON LABOUTOB.IES • UC. 

Laboratory Report 

leceived: April 28, 1980 
Completed: May 29, 1980 

LLI Project No.: 80-4238 

Sample Description: Lagoon Sludge 
• 

Parameter 

pH 

Toxic Extraction Test 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercur.y 
Selenium 
Silver 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 

2,4-D 
2,4,5-TP Silvex 
Phenols 

Flash Point 

Corrosivity 

Volatiles at 100°C 
Volatiles at 600°C 

Acidity (as eaco
3

) 

Water Solubility at 25°C 
Water Solubility at 100°C 

Appearance 
Odor 
Boiling Point 

Submitted by: Ford Motor Company 
Highway 69 
Claycomo, MO 64119 

Attn: Mr. Paul Brinkman 
P. 0. No.: KNP 096520 

Results 

7.3 

< 0.01 mg/liter 
0.12 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 

0.06 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 

< 0.001 mg/liter 
< 0.001 mg/liter 
< 0.01 mg/liter 
< 0.001 mg/1iter 

< 0.05 mg/1iter 
< 0.05 mg/1iter 
1. 2 mg/1iter 

> 200°F 

Non Corrosive 

73.4% 
81.4% 

550 mg/liter 

1.0% 
3.9% 

Muddy 
Moderate Organic 
N/A 

2005 West 103rd Terrace Leawood, KS 66206 913/341-7800 
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MISSOURI DEPARTMENT OF NATURAL RESOURCES 

I. 

HAZI· DOUS .WASTE DISPOSAL REQUEST 

GENERAL FORMATION 

Waste Hauler 

office use 
Request 
No.BHS- LJ6(r 

Appl~' ant 

NAamddere:s~' B.H. ,Inc U Rt. 1 Box 116-F 
B.H.S., 
Same 
Same 
Same 
Same 

Inc 

City,State,Zip: Wrig City,Mo. 63390 
Contact Person Michael D. Gill 
Telephone No. 314-74S-3371 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Waste Generator 

Ford Motor Co. KC 
P.O.Box 11009 
Kansas City, MO 64119 
Paul Brinkman 
816-4S9-1486 

II. WASTE CHARACTERIZATION 

Waste Location 

State Id i ___ -002 
Same 
Same 
Same 
Same 

A. Name of waste - Paint Sludge and paint filter debris. 

B. Description of generation process - Paint pigments from 
automotive painting process. 

c. Basic physical state @ 70 F -
pH - 6.4 
% Moisture - 29 % 
Pumpable - No 
Free Fluid - No 
% Organic Liquid - < S % 

Sludge. 
Flash Point - lSS 
Specific Gravity -
Odor - None 
Free Flowing - No 
Vol @ 600 C - 62 % 

F 
1.04 

Physical analysis confirmed by samples taken by BHS on 
9/11/84. 

D. Known hazards of the waste - Toxic 

E. Chemical 
Arsenic 
Cadmium 
Lead 
Selenium 

composition 
<.2S 
<.OS 
O.S6 
< .. OS 

- (in mg/1) 
Barium 
Chromium 
Mercury 
Silver 

III. QUANTITY OF WASTE & GENERATION RATE 

1.0 
< • 2S 
< • 01 
< • 2S 

A. Amount of waste on hand for immediate disposal - 0, presently 
using another facility. 

B. Rate of generation - 140 cubic yards per month. 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cubic yard gondola. 

B. Type of Vehicle - Tractor trailer roll-off. 

c. Label identification - NA 9189 

D. Route of transportation - I70 to Wright City to H to M toA 
Muenz to Site W' 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Avoid contact with skin. 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 140 cubic yards per month. 

c. Disposal technique - General trench. 



LdGSTON WOUTOIIIS. DC. 

Laboratory leport 

Received: April 28. 1980 
Completed: May 29. 1980 

LLI Project Ho.: 80-4239 

Sample Description: Delpack Paint Sludge 
• 

Parameter 

pH 

Toxic Extraction Test 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercury 
Selenium 
Silver 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 

2,4-D 
2,4, 5-TP Silvex 
Phenols 

Flash Point 

Corrosivity 

Volatiles at 100°C 
Volatiles at 600°C 

Acidity {as Caco3) 

Water Solubility at 25°C 
Water Solubility at 100°C 

Appearance 
Odor 
Boiling Point 

Submitted by: Ford Motor Company 
Highway 69 
Claycomo, MO 64119 

Attn: Mr. Paul Brinkmn 
P. 0. Ho.: KNP 096520 

Results 

9.9 

< 0.01 mg/liter 
0.09 mg/liter 
0.01 mg/liter 
23 mg/liter 

0.04 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 
0.01 mg/liter 

< 0.001 mg/liter 
< 0.001 mg/liter 
< 0.01 mg/liter 
< 0.001 mg/liter 

< 0.05 mg/liter 
< 0.05 mg/liter 
< 0.1 mg/liter 

Ron Corrosive 

36.5% 
59.7% 

N/A 

0.56% 
0.61% 

Mixed Color Sludge 
Heavy Organic 
N/A 

2005 West 103rd Terrace Leawood, KS 66206 913/341-7800 
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Sample De~~eription: Delpaek Paint Sludge 

Parameter Results 

Total Concentration 

Arsenic 1. 7 mg/kg 
Barium 91 mg/kg 
Cadmium 0.3 mg/kg 
Chromium 750 mg/kg 

Lead 6 mg/kg 
Mercury 0.13 mg/kg 
Silver 0.22 mg/kg 
Zinc 1,300 mg/kg 

Copper 25 mg/kg 
Nickel 70 mg/kg 
Iron 10,300 mg/kg 
Phenol 0.3 mg/kg 

Cyanide 0.10 mg/kg 
Methylene Chloride ( 10 mg/kg 
Perchloroethylene ( 10 mg/kg 

Density 1.00 g/ml 

Methodology - as per Federal Register 41, No. 232 and 43, No. 243. 

cc: Mr. Paul Sgriccia 

// 

Approved: ~ ~4W-~ 
Alan Kerschen 
Laboratory Director 

e 



MISSOORI DEPARTMENT OF NA'IURAL RESOURCES 
HAZARDOUS WASTE DISPOSAL REQUEST 

office use 
Request 
No. _____ _ 

I. GENERAL IN FeRMAT ION 

Applicant Waste Hauler 

Name: B.H.S.,Inc 
Address: Rt. 1 Box 116-F 

Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

J.S. Alberici Canst. 
2150 Kienlen Ave 

City,State,Zip: 
Contact Person 
Telephone No. 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Waste Generator 

Ford Motor Co. 
6250 Lindbergh 
Hazelwood, Mo. 63042 
Bob Sieveking 

.• 314-731-1300 

II. WASTE CHARACTERIZATION 

St. Louis,Mo. 63121 
Lynn Farley 
314-261-2611 

Waste Location 

State Id i 01574-001 
Same 
Same 
Same 
same 

A. Name of waste ~ Dirt contaminated with Paint 

B. Description of generation process - Clean-up of old fill area. 

c. Basic physical state @ 70 F - Solid 
pH - Approx. 7 Flash Point -None 
% Moisture - 24 % Specific Gravity - 1.2 - 1.5 
Pumpable - No Odor - None 
Free Fluid - No Free Flowing - No 
% Organic Liquid - < 5 % 

D. Known hazards. of the waste - None 
., 

E. Chemical composition - See enclosed analysis 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - 10,000 cubic 
yards. 

B. Rate of generation - One time only 

IV. TRANSPORTATION 

A. Containers used for transportation - 10 - 20 cubic yard bulk 

B. Type of Vehicle - Roll-offs and dump trailers 

c. Label identification - None 



D. Route of transportation - Lindbergh to I270 to I70 to Wright .A 
City .to H to M to Muenz to Site · · ~ 

V. SAFE HANDLING & EMERGENCY SPILL PROCEilJRES 

A. Emergency procedure to be followed in case of accidental spill 
~ wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - gloves. 

c. Safety precautions during handling - Incompatible .with strong 
acids 

VI. TREATMENT, STORAGE, at DISPOSAL 

VII. 

A. Pre-treatment - None 

B. Amount and frequency of disposal- 10'- 20 cu. yds. per trip, 
up to 11 trucks with 3 turns per day 

c. Disposal technique - General trench area 

CERTIFICATION . . 

If granted this request, we the undersigned agree to abide by the 
rules, regulations, orders and decisions of. the Missouri 
Department. of .Natural Resources and the requirements specified in 
this application. We hereby certify that the subject waste and 
the proposed disposal procedures are compatible with the 
geological and environmental setting of the disposal site. We 
affirm that the infromation in this·application is to the best of 
our knowledge and belief, true, complete and accurate, and 
understand that in the event of any false or fraudulent 
information in this request or of failure to operate the disposal 
operation in a proper and legal manner, the disposal permit may 
be revoked. 

Signature of Applicant Date 



' 

I' 
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~~-:-~.~ ........ 

Ap ~Jt- r • .:; ·, ,. 

April 2(., 19:-:3 

Page ~. '' f 5 

E.P. Toxicity Data for Buried Waste!:. 
Ford St. Louis Assembly Plant 

' 
The data below was obtained from leaching a composite of 30-35 
samples of waste materials from 14 representative borings. 
RCRA leach1nQ .and subseauent metals analvsis was conducted 
by Envirodyne Enaineers of St. Louis.· Envirodyne also determined 
the flash point and the percent volatile material at both 1000 C. 
ond 6ooo c. 

P!!,amet!!_ Result 

As -:0.01 mg/l 

B1 <2.0 II 

. Cr <0.1 II 

Hg <0.0002 II 

Se <0.005 II 

Ag <0.001 II 

Cd <0.1 II 

Pb <1.0 II 

S vol. at 1ooo c 24X 

S vol. 1000- 6000 c 17~ 

Flash point > 2000 F. 

Prepared by: 

' 

Stationary Source Environmental Control 
Ford Motor Company 

• 
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MISSOURI DEPARTMENT 
HA~OUS WASTE 

OF NATURAL RESOURCES 
DISPOSAL REQUEST 

office use 
Request 
No. _____ _ 

I. GENERAL~RMATION 

Name:~ Add res 
City,Sta e,Zip: 
Contact Person 
Telephone No. 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Applicant 

B. H. S.\Inc 
Rt. 1 ox 116-F 
Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

Waste Generator 

Monsanto (Queeney) 
1700 s. Second St. 
St. Louis, Mo. 63177 
Richard Koenig 
314-622-1400 

II. WASTE CHARACTERIZATION 

Waste Hauler 

B.H.S., Inc 
Same 
Same 
Same 
Same 

Waste Location 

State Id i 01002-127 
Same 
Same 
Same 
Same 

A. Name of waste 
Diethylaniline. 

Dirt contaminated with Alachlor and 

B. Description of generation process - Dirt from construction 
project involving a railroad spur. 

c. Basic physical state @ 70 F - Solid 
pH- 7.3 Flash Point - N/A 
% Moisture - 2 % Specific Gravity -
Pumpable - No Odor - None 
Free Fluid - No Free Flowing - No 
% Organic Liquid - < 5 % Vol @ 600 c - 5 % 

D. Known hazards of the waste - Toxic 

E. Chemical composition -
Dirt/Gravel 99 % 
Diethylaniline 1 % 

Alachlor 

III. QUANTITY OF WASTE & GENERATION RATE 

1 % 

c 
2.42 gm/ml 

A. Amount of waste on hand for immediate disposal - 500 cu yd 

B. Rate of generation - One time only 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cuyd bulk containers 

B. Type of Vehicle - Dump trailer 

C. Label identification - 9189 

D. Route of transportation - Broadway to 40 to I70 to Wright City 
to H to M to Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids and oxidizers 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 500 cuyd one time only 

C. Disposal technique - General trench. 



• 
I ' I 

.. 
' 

M I Oo Z. 11 1,' 1 

Monsanto 

MONSANTO INDUSTRIAL CHEMICALS CO. 
1700 South Second Street 
St. Louis, Missouri 63177 
Phone: (314) 622-1400 't2 -19&.'( 

December 20, 1983 

Mr. Mike Gill 
Bob's Home Service 
Route 1, Box 116F 

.Wright City, Missouri 63390 

Dear Mr. Gill: 

We currently have up to 500 yd.3 of gravel and dirt contaminated 
with a mixture of Alachlor and Diethylaniline. I would estimate 
less than 25% of the material is organic. The compound is con
sidered mildly toxic by oral ingestion, non-lethal by skin absorp
tion and non-irritating upon skin contact. 

At your request we collected samples of the material and performed 
the following analysis (averages reported). 

Specific Gravity 
pH (1:1 Material to 
% Volatiles @ 100°C 
% Volatiles @ 600°C 

- 2.42 
Water) - 7.3 

- 1. 77% 
- 4.69% 

Please understand that a truly representative sample of this type 
of material would be impossible to obtain. The estimate that pos
sibly up to 25% of the material is organic represents a worse case 
situation. If this material is acceptable for landfill at up to 
25%, then lower levels of organics should not be a problem. 

For your information, I have a attached a copy of our state regis
tration form for this material. 

Please call if you have any questions • 

.J _¢ Yours very truly, 
~lf.!-tu. : /. -z.. '- - I 'f 1-'f 

~t.t~ 
Richard L. Koenig 
Sr. Environmental Protection Technician 

RLK:cs 

~I 
D~e. ~~~tv~~~. (s~~ 
w c.,..) dO a.t. ~ ~. - . 

a unit of Monsanto Company~ • 



MISSO~EPARTMENT OF NATURAL RESOURCES 
HA\iiJOus WASTE DISPOSAL REQUEST 

office use 
Request 
No. _____ _ 

GENERAL INFORMATI~ 

~ Applic,nt 

Name: B.H.S.,Inc 

I. 

Address: Rt. 1 Box 116-F 
City,State,Zip: Wright City,Mo. 
Contact Person Michael D. Gill 
Telephone No. 314-745-3371 

Waste Generator 

63390 

Waste Hauler 

B.H.S., Inc 
Same 
Same 
Same 
Same 

Waste Location 

Name: 
Address: 

Ramsey Corp. 
1233 Manchester Rd. 
Manchester, Mo. 63011 
Roy Tiefenbrunn 
314-394-3700 

State Id i 01245-017 
Same 

City,State,Zip: Same 
Contact Person: Same 
Telephone No. Same 

II. WASTE CHARACTERIZATION 

A. Name of waste - Wastewater treatment sludge 

B. Description of generation process Plating waste is 
neutralized then passed through filter press. 

C. Basic physical state @ 70 F -
pH - 9 

Sludge 
Flash Point - N/A 
Specific Gravity -
Odor - None 

% Moisture - 64 % 
Pumpable - No 
Free Fluid - No 
% Organic Liquid - < 5 % 

Free Flowing - No 
Vol @ 600 C - 71 % 

D. Known hazards of the waste - Toxic 

E. Chemical composition -
Barium • 003 % 
Lead .11 
Oil & Grease .74 

Chromium 
Zinc 

III. QUANTITY OF WASTE & GENERATION RATE 

3.8 % 
.0018 

c 
1.25 gm/ml 

A. Amount of waste on hand for immediate disposal - None 

B. Rate of generation - 30 cuyd per month 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

v. 

A. Containers used for transportation - 15 cuyd bulk containers 

B. Type of Vehicle - Roll-off truck 

c. Label identification - 9189 

D. Route of transportation - Manchester to 141 to 40 to I70 to 
Wright City to H to M to Muenz to Site 

SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 30 cuyd per month 

C. Disposal technique - General trench. 



Applicant Waste Haule~· 
~ ' ; "' 

,:;.~~a•;J~·. : · BOb-"• KOIQe Service, Inc Transep.vironmental 
.,·.·~.A~qre~$:.,. ,,.·:: · ... l; ."a.'a~· 1, Box,.lli:..!____ &. a. 1 Box ll6~Fl 
··:".:.,.~.·'.' •• ' '. ·' ,-.~:' \< •. ·, ...... • •• ; •• , '·' ' .! . ·' ~ ' 

:··'·c.r~~·~:~~t~! ~'~f ··.~~~i~tcttt, .~. 6339 ___ o__._._w ....... ~_t-=1~ ct~1 • Mo1 633 
;j.vP~tf!,«llft::. · .. ~~~~;.<"·.~-~ Z~nl!!ik~ Gill Mik~ .<?~~1.., 

·· .. ~,, .. /(Tel~P~~t:·~.~er:.''jjl~·745·3711 · --.L--~._14~.?~?:.~?~!._ ... _ -----.. 
··.·:,::ri.W·t··· .· . . . .. · . ' . . .• waste Generator 

' ·'- \ 

Waste Location 

same 

· :·.~.i~ •. $ta.t••:,Z1~: 

·· .. Pers~ ~~. Cotl~'t: ~,;.::.::;::=;:.:::.;::....=;;;.::;.;:;.;:.:;..:;,.:.:;;.. __ -t----------__,_ _ _.;. 
. •phOftt! ~r; 

., .. 

: t4f"·~.9fw4~te Put~ rinse water waste treatment sludse 
•~ ,. Oe$~rip*~on- of generation process See enclosed diagram· 
•''" :·-'·~' :, -·· ·'' "·· .· ... ,: . . ·. ----

', .,·,. ~·· t, ·.·' 

• . l! ~ ·''. 

:• ·Cf(,kst~ ~.~ical state @ 70°F 

·k·>,,.,,.,.~'~····~~,·,. .. ,,; ·,·.... , .• · ·;,, t::.7:·~.~~l~d pH_--J-,7 ...... 6..__ _________ _ 
· .. ,u.··~;J··'···" ;,~.:,~;.;~.~.:tritS)Udge (>201 solids) Flash point n/a .· 

·' i<:;::: 'C::7 Sl,~rry ·c~~O% solids · Pensky-Martins Closed Cup {ASTM 0-93-23) . 

. '·it\'A;.%~:,;r;i:z:7L~.qt.t1d (<SS •oHds) Moisture~ by weight. __ 6_3_.4___, __ _ 
' ~"lri!~r.;·{;:)·~~~ipeq gas Specific gravity n/a __ _ 

'i·t:J Ot .. r .i. specify Pumpable: Yes No No 
Odor: Yes ____ No_ lo 

.. ··. 
fuel Value (BTU/lb)_ n/a 
Liq. viscosity @ 70°F n/a ...,.._c.p. 
Free Fluid: Yes _ No __ .Jio_ __ 



' . 
. D. Known hazards of the waste 

0 Flammable 0 Infectious L::7 Strong Oxidizer 

f5.0 Toxic Cl Explosive w Reactive 
/.:::J Corrosive 0 Other - specify 

E. Chemical composition 
Major Components 

1. See enclosed analysis 

2. 
3. 

4. 
5. 
6. 

7. 

(this analysis is from the 
~ebraska Plant but 1s ~yp1c 

---sf- ..... ... (",. 1 .......... .. • J) 1 ....... 
7 

. ·:· .. . . 
~ .• , ) 'I :: . . ·-

Total 

wt.% Concentration ppm 

a1 

Attach chemical analysis except in the case of contaminated empty 
containers. 

t. 

• 

III. UANTITY OF WASTE & GENERATION RATE 
--~~-~~--~---------------------------------------

A. Amount of waste on hand for inmediate disposal :--=N.:..::o=n=e:.-____ _ 

(Generation will start around December, 1978) 

B. ~e of generation (gall{)ns, cubic yards~tons,-per hour, 
~week, month, year or one time only) ~~lbs. per day 

IV. TRANSPORTATION . 

A. Containers used for transportation 
IZJ DOT approved steel drums (.S.S:.gal) CJ Used drums ( __ gal) 
L::7 Bulk ( cubic yards) L::7 Fiber drums ( gal) 
c:::J Cases, cartons (size, number/case )0 Paper bags --
0 Other- specify-----------------___.... __ 

B. Type of vehicle 
t:;;i! Tractor- tra·n er 
L::7 Roll-off/Lugger 
D Dump truck ( \·Ji th cover) 

c:J Flatbed 
CJ Tank truck 

0 Other 



.. \ .• ... 
C. Label identification- Warning_~Q!l~--~------------· _________ _ 

----------------- --------·- ------- ·-- -- ~---·----- ---·----
--------------------··-- --- -------··-----~-------

D. Route of transportation (location of waste to disposal site) __ _ 
Route B to Bus. 70 to 170 to Wright City • H toM to 
B.H.S. Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill (attach 
additional information H necessary) _____________ _ 
Wash exposed skin with soap and water. Shovel back 
into container and dispose of in proper area. 

B. Necessary safety equipment for handling waste 
t:2'J. Protective clothing/suit CJ Self-contained breathing apparatus 
L::7 Rubber gloves L::7 Absorbent 
L::7 Rubber boots 
~ Face shield/goggles 
Cl Respirator 
c:::J Gas Mask 

~ Portable eye wash/shower 
CJ Lime . lbs 
c:::J Pump truck with water 
CJ Type "B" fire extinguisher, 

fire blanket 
L::7 Other- specify ____________________ _ 

C. Safety precautions during handling (attach handling information 
supplied by generator or from other sources, including wastes or 
materials which are incompatible with this waste) ---

Take care not to iniest sludge 

VI . TREATMENT, STORAGE-:oif DISPOSAL 

A. Pre-treatment None 
c::J De-watering 
CJ Solid-liquid separation 

0 Chemical fixation 
L::7 Neutralization 

0 Other- specify ___________________ _ 

t 
f 

' ·I 



B. Amount and frequency of disposal 
L::7 One time only ~ Periodic 
Amount (gallons, cubic yards, tons, pounds) 47 drums 

--~~~~--·---------

Amount/Time 57 drums every 4 months 

C. Disposal technique 

IZf Trench burial - location, type Alkaline 

c::J Chemica 1. 1 andfi 11 1 . .- :. : :• 
' J : ' .. - ' 

c::J Storage ·tank for recovery :1 iquids - tank no. _______ _ 

L::7 Lagoon L::7 Soil blending 
WJ~v_a!X)ration pond; F ' .• ..:;·· -I.:c:::J :Spt!'ay irrigation 
12!J ~r;.i.].led ~ell Alkaline Area~. O··la~~td ·spreading . 
D Other- specify ____________________ _ 

VIl: ltkflfttATION 
If granted this request, we the undersigned agree to abide by the rules, 
regulations, orders and decisions of the Missouri Department of Natural 
Resources and the requirements specified in this application. We hereby 
certify that the subject waste and the proposed disposal procedures are 
co,npatiblf: with th(; geological and environmental setting of the disposal 
~ite. ~e affirm that the i~formation in this application is to the best 
of oJr knowledge and belief~ true. complete and accurate, and understand 
that in trie event of any false or fraudulent information in this request 
or of failure to operate the disposal operation in a proper and legal 
manner, the disposal ar~a operating permit may be revoked. 

Date 

Signature of Techn-fcaTCons111tanf Date 

.i 



ENGINEERING SURVEYS AND SERVICES 

TESTlt--!G LABORATORY 
1113 Fay Street Date 19 April 1983 

Columbia, Missouri 65201 
Phone: (314) 449-2646··· Lab No. ___ 7_4_9 _____ _ 

Project: Industrial Waste-Square D Company 

Location: Columbia, Hissouri 
Sample No./ 
Description:l/ Metal Hydroxide Sludge 

TEST RESULTS (Jl.s Received Basis) 

PARAMETER 

Volatiles @ 100°C, % 
volatiles @ 600°C, % 
pH 
Specific Gravity @ 4°C 
Moisture, % 
Total Solid, % 
Total Cyanide, ppm 
Total Copper, ppm 
Total Zinc, ppm 
Total Magnesium, ppm 
Total Chromium, ppm 
Total Iron, ppm 
Total Calcium, ppm 
Total Nickel, ppm 
Total Tin, ppm 
Total Arsenic, ppm 
Total Barium, ppm 
Total Cadmium, ppm 
Total Lead, ppm 
Total Mercury, ppm 
Total Silver, ppm 
Total Sulfides, ppm 

Date Received: 11 !-larch 19 8 3 * 

66.4 ~ 
33.6 D (- "!o-Le...~ ~oLtd 
8.7 
1.24 

66.4 
33.6 
~2.0 

1,065 
18,262 

634 
1,088 
2,692 

58,240 
21,008 

666 
~1.0 

270 
7.3 
5.:2 

~1.0 

7.3 
416 

' 'I ..... 

*Sample secured by Rich Widdowson at Square D Company 

CC: 1 Widdowson ENGINEERING SURVEYS AND SErtVICES 
BY: 

David A. Bennett, EIT 
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. DEPARH1ENT 
OFFICE USE 

.e MISSOURI OF NATURAL RESOURCES Request 
'HAZARDOUS WASTE DISPOSAL REQUEST No. -- -.. · . .. ~----

f -- - - . --· ---~ - --- ·- ~- -- ··- ------

I. GENERAL INFORMATION - . -----·- ~--=.:....:.::.;-...:..;:,..,::;_==:::.-------- -=-~~:;;:::: 

• ·• 
I ~---------------------------· -----

Applicant ·.~as te Hauler 

Name: Bob's Home Service, Inc. B.H.S.,. Inc. or licensed -
Address: R. R. 1, Box 116-F hauler 

-------------- -----City, State, Zip: Wright City, Mo. 63390 - -- ------------ ·-

Person to Contact: Mike GilVGlennop. __ ~y~_!l_l'!_ - __ ,. __________ . --·· --------------------------.. ---·----- ------····-

Teleph()ne Number: 314-745-3371 
I ----·- ···--·---·- --'--·-· ------·- ·----. ------------------

' Waste Generator Waste Location 

Name: Union Carbide Corpora~_g lQ_ Union carbide -------
Address: P. o. Box 280 Highway 136 East 

' City, State, Zip: Don Carrick Maryville, Mo. 64468 

Person to Contact: Maryville, · Mo. 64468~ .. 
Telephone Number: 816-582-8131 

• ----------------- ----

II. WASTE CHARACTERIZATION 
. ----- -~.:.-=.·.=...--=----:;:.:...:.-··· - ---- --·---------------·- - - -· --~--

. 

-. 
·---~ 

A. Name of waste Complete cell scrap and partial cell scrap 

B. Description of generation process :Ba:t:terj. e_L_ that do not meet minimum 
specs and wMe material .. .. -- .... 

..,.,,,nl;: 

c. Basic physical state @ 70°F 
lEJ Solid pH >7 -
CJ Sludge (>20% solids) Flash point none 

CJ Slurry (<20% solids Pensky-Martins Closed Cup ( ASTM D- 93-23 r 
CJ Liquid (<5% solids) Moisture ,., 

by weight ___ X2!~._!~sid!_ casing only 
"' 

CJ Contained gas Specific gra v ity __ !•:/!! 
CJ Other - specify Pumpable: Yes No no ---·- -·-----

Odor: Yes No no 
·-··-

Fuel Value (BTU/lb) n/a 
-

I 
Liq. viscosity @ 70(1: n/a c.p . . 

e Free Fluid: Yes No no 



D. Known ha2ards of the waste 

0 Flammable 

00 Toxic 
c::J Corrosive 

L::7 Infectious L::7 Strong Oxidizer 

c::J Explosive L::7 Reactive 
L::7 Other - specify 

E. Chemical composition 
Major Components 

1. zinc 
2. 

3. 
4. 

5. 
6. 

7. 

water -
Potassium hydroxide 

Mercury 
Miscellaneous 

Total 

-

-----

----------------------

wt.% Concentration ppm 
13.5% 
13.0% 

6.5% 
0.8% 

66.24}6 (seE enclosed le1 

Attach chemical analysis except in the case of contaminated empty 
containers. 

III. QUANTITY OF WASTE & GENERATION RATE 

ter 

A. Amount of waste on hand for immediate disposal: 40- 55 gallon drums41t 

B. Rate of generation {gallons, cubic yards, pounds, tons, per hour, 
day, week, month, year or one time only): 'f. 3 cu. yds. per day 

IV. TRANSPORTATION 

A. Containers used for transportation 
t:ZJ DOT approved steel drums CJ!(.gal) CJ Used drums ( __ gal) 
0 Bulk ( ____________________ cubic yards) L::7 Fiber drums ( __ ga 1) 

CJ Cases, cartons (size, number/case ____ )CJ P'aper bags 
0 Other - specify _________________________________ _ 

B. Type of vehicle 

~Tractor-trailer 

c::J· Roll-off/Lugger 

L::7 Dump truck (with cover) 

0 Flatbed 
0 Tank truck 
r:::J Other __________________ _ 



..... 

.. 
C. Label identifici.ttion- Warning BHSXXXX "Controlled Waste - Federal 

... . ··---------- -··-- -~ -·-·------- .. -- -···- -----"---------
and State Law prohibits Improper disposal" 

0. Route of transportation (location of waste to disposal site) 
--~ 

129 to 71 ti I70 to Wright City - H to M to Muenz to Site 

·-· ·-·------------·----·-·-··--·- ------- ---------- . - -·-- ··-··=-=-:..;:;··=· =·-;_;;·-====...o=..==-= 
. V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emerg~ncy procedure to be followed in case of accidental spill (attach 
additional information if necessary) Wash exposed skin with soap and 

water. Sbovel back into ..containers. ------- -----

B. Necessary safety equipment for handling waste . 
L::7 Protective clothing/suit 
~ Rubber gloves 
L::7 Rubber boots 
L::7 Face shield/goggles 
t:::::J Respirator 
c:::J Gas Mask 

CJ Self-contained breathing apparatus 
CJ Absorbent 
CJ Portable eye wash/shower 
L::7 Lime lbs 
c::J Pump truck with water 
CJ Type 11 8" fire extinguisher, 

fire blanket 
0 Other- specify __________________ _ 

C. Safety precautions during handling (attach handling information 
supplied by generator or from other sources, including wastes or 
materials which are incompatible with this waste) ______________ _ 
Incompatible with acids 

--------------------------------- ·-·--------------- ····-·-·- --~---·-----

A. Pre-treatment None 
0 De-watering 
CJ Solid-liquid separation 

0 Chemical fixation 
CJ Neutralization 

c:J Other - specify·------ ---- ----------
------------------------------

I 



B. Amount and frequency of disposal 

0 One time only f2tJ Periodic 
Amount (gallons, cubic yards, tons, pounds) __ SO_drums every one to A 
Amount/Time two weeks w 

C. Disposal technique 

t:ZJ Trench burial - location,, type __ -~1~~-~-i~~---· ________________ _ 

0 
C7 
0 
CJ 
CJ 
0 

Chemical landfill 
Storage tank for recovery liquids - tank no. 
Lagoon 

Evaporation pond 
Dri 11 ed ce 11 
Other - specify 

c:J Soil blending 
0 Spray inigation 
0 Land spreading 

vIr. cERn F IcATror(H · ---- -· 
---------------

If granted this request, we the undersigned agree to abide by the rules, 
regulations, orders and decisions of the Missouri Department of Natural 

Resources and the requirements specified in this application. We hereby 

certify that the subject waste and the proposed disposal procedures are 
compatible with the geological and environmental setting of the disposal 
site. We affirm that the information in this app.l ication is to the best 

of our knowledge·and belief, tiue, complete and accurate, and understand 

that in the event of any false or fraudulent information in this request 

or of failure to operate the disposal operation in a proper and legal 

manner, the disposal area operating permit may be revoked. 

Signatu~e of Applicant 

t- l- .fL_:, 
Date 

===--



C~lt\!~A.C i! ;. ! . I. ,j ';:! , r l ''t 
.• 'i \' 

PAkllAL CFLL SCRAP 
-:s··~ ...... · ---------

Quantity: 1.1 Cubic Yards I Day 

Composition: 

Zinc Metal 

Water (No Free Moisture) 

Potassium Hydroxide (KOH) 

Mercury V.etal 

*Miscellaneous Materials of 
t·~i nimal En vi ronH.enta 1 Concern 

Total 

(2640 Lhs. 1 n~y) 

Pounds 

356 

3·13 

172 

21 

1748 

26!i0 

. ', ··\-

. .1 _Ex.J{~l.ght_ 

13.5 
} 3. 0 

. ·fL.!·· 
0.8 , 

100 

For·m: ~,t.1~el enclosed, l.S volt dry cells; quite similar to those us:ed for· 
toys, flashlights, radios, calculators, SP!oke al<1rms. etc. Most are 
.,i:.!tout the outside jackets that constitute the label showing product 
itlcnl'ification and other sales infon11ation. Note the alkaline nature· 
, ! 1t.i5 waste. 

* c~~~ i .. l,t; of f~anganese Dioxide (l~n02 ) 52~~' steel 32,;, carbon 61:. brass 3%, 
n.) I· 1 .'·~. paper 2%, Portland cement 1~~. CMC a, cellophi1ne and rubber 1%. 





'-1 .. 
MISSOURI DEPARTMENT OF NATURAL RESOURCES 

HAZARDOUS WASTE DISPOSAL REQUEST 

I. GENERAL INFORMATION 

Applicant 

Name: Bob's Home Service, Inc. 

Address: R. R. 1, Box 116-F 
City, State, Zip: Wright City, Mo. 63390 
Person to Contact: Mike Gill/Gler.nnn Zykar• 

OFFICE USE 
Request 
No. 

Waste Hauler 

B.H.S., Inc. 

same 

Telephone Number: 314-745-3371 
----------------------~------------------------

Waste Generator Waste Location 

Name: 
Address: 
City, State, Zip: 

Person to Contact: :!L~e~e~S~t!:u~·~eaJ~s~_:~~8~81Jitf~8~~w1-----~-
Telephone Number: 314-~78-5401 

~----~--------------J----~74~~~~~~~~ 

II. WASTE CHARACTERIZATION 

A. Name of waste Wastewater treatment sludge 001 
B. Description of generation process Wastewater treatmer.t sludge from zinc 

e1ectroplatir.g operations. 

C. Basic physical state @ 70°F 

c:J So 1 i d pH._-..:6=·~----------
[l!J Sludge ( > 20% so 1 ids ) Fl ash poi n t.-:-:-_n~n=r-n_e--:--::----,~=-=--:::-:=-":II"::M" 
L::7 Slurry (<20% solids Pensky-Martins Closed Cup {ASTM D-93-23) · 

L::7 Liquid (<5% solids) 
L::7 Contained gas 
C::J Other - specify ___ _ 

Moisture % by weight· 
Specific gravity 
Pumpable: Yes 
Odor: Yes 
Fuel Value (BTU/lb) 
Liq. viscosity @ 70°F 

Free Fluid: Yes 

6596 
1.2 

No r:o 

No no 
n/a 

nLa c.p. 

No no 

/ 



D. 

E. 

. Known hazards of the waste 
c:J Fl ammab 1 e c:::; Infectious CJ Strong Oxidizer 
lXJ Toxic CJ Explosive CJ Reactive 
c::J Corrosive c:J Other - specify 

Chemical composition 
Major Components 

1. See analysis 

2. 
3. 
4. 
5. 
6. 

7. 

Total 

wt.% Concentration ppm 

Attach chemical analysis except in the case of contaminated empty 
containers. 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal : __ 3_5_d_r_u_m_s __ _ 

B. Rate of generation (gallons, cubic yards, pounds, tons, per hour, 
day, week, month, year or one time only): ---------------------0.5 cu. yards per week 

IV. TRANSPORTATION 

A. Containers used for transportation 
c:J DOT approved s tee 1 drums ( __ ga 1 ) t:JJ:] Used drums ( 5'<"' ga 1 ) 
L::7 Bulk ( cubic yards) c:J Fiber drums ( __ gal) 
L::7 Cases, cartons (size, number/case _____ )£::? Paper bags 
D Other- specify ____________________ _ 

B. Type of vehicle 
~ Tractor-trailer 
!::7 Roll-off/Lugger 
L::7 Dump truck (with cover) 

c:::J Flatbed 
c::J Tank truck 
c:J Other __________________ _ 



i 
I 

. . 

'I 

·C. Label identification - Warning BHSXXXX Controlled waste State and 
Federal law prohibit improper disposal. Manifest Document 
number. 

D. Route of transportation (location of waste to disposal site) 
52 to 54 to !70 to Wright City f H to M to Mue~z to~s~r=t=e----

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emerg~ncy procedure to be followed in case of accidental spill (attach 
additional information if necessary) Wash exposed skin with soap .and 
water. Shovel back into container. 

B. Necessary safety equipment for handling waste 
c::J Protective clothing/suit · CJ Self-contained breathing apparatus 
~ Rubber gloves L::7 Absorbent 
L::7 Rubber boots 
~ Face shield/goggles 
c::::J Respirator 
c::::; Gas Mask 

L::7 Portable eye wash/shower 
CJ L ime __________ lbs 

L::7 Pump truck with water 
CJ Type 11 811 fire extinguisher, 

fire blanket 
c::J Other - specify _____________ _,_ ____ _ 

C. Safety precautions during handling (attach handling information 
supplied by generator or from other sources, including wastes or 
materials which are incompatible with this waste) _______ _ 
Incompatible with acids 

A. Pre-treatment None 
c::J De-watering CJ Chemical fixation 
CJ Solid-liquid separation CJ Neutralization 
CJ Other- specify __________________ _ 

i 
I 



.. ,, 

B. Amount and frequency of disposal 
L::7 One time only ~ Periodic 
Amount ( ga 11 ons, cubic yards, tons, pounds} Approximately 26 drums .ry 

Amount/Time 90 days 

C. Disposal technique 
CZJ Trench burial,- location,, type. ___ A~l_k_a_l_i_n_e ______ _ 

L::7 Chemical landfill 
w Storage tank for recovery 1 iquids - tank no. _______ _ 

CJ Lagoon CJ Soil blending 
w Evaporation pond 
L::7 Drilled cell 

w 
CJ 

Spray irrigation 
Land spreading 

CJ Other- specify __________________ _ 

If granted this request, we the undersigned agree to abide by the rules, 
regulations, orders and decisions of the Missouri Departmertt of Natural 
Resources and the requirements specified in this application. We hereby 
certify that the subject waste and the proposed disposal procedures are 
compatible with the geological and environmental setting of the disposal 
site:· We affirm·that the information in this application is to the best 
of our knowledge'and belief, true, complete and accurate, and understand 
that in the event of any false or fraudulent information in this request 
or of failure to operate the disposal operation in a proper and legal 
manner, the disposal area operating permit may be revoked. 

Signature of Applicant Date 

tant 



#2542 

MID-MISSOURI TESTING LABORATORY 
DETERMINATIONS MADE IN ACCORDANCE WITH AWWA - WPCF - APHA STANDARD METHODS 

601 NICHOLS COLUMBIA, MO 65201 314/442·0237 

Date: January 20, 1981 

Client: Gates Rubber Company, Attn: Lee Stevens 

Date Received: January 8, 1981 

Sample Collected By: Gates Rubber Company 

SAMPLE 

Parameter Electro-
plating 

Date 
Analyzed 

Sludge 

0 % Volatiles @ 100 C 64.6 1115 

% Volatiles @ 600°C 77.2 1/15 

pH 6.9 118 

e Specific Gravity 1.24 1/12 
Total Chromium % by Weight 1.6 1/13 
Total Iron % by Weig11t 2.4 1/13 
Total Zinc % by Weight 3.7 1/19 

. 
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APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

1. General Information 

-. ''4 -

Information in Part B Application 

2 70 .14 (b) ( 1) General description of facility 

270.14(b)(2) and (3) Chemical and physical analyses of wastes 

Access control and security description 
270.14(b)(4) of active portion 

270.14(b) (5), General inspection schedule and procedures 
270.17(d), and 
270.2l(d) 

·a 

270.14(b)(6) Preparedness and prevention documentation 

270.14(b)(7) Contingency plan 

270.14(b)(8) Preventive procedures 

270.14(b)(ll) Facility location information 
( i) and ( i i ) 

270.14(b)(l3) 
. 

Closure plan 

270.14(b)(l3) Post-closure care plan 

2 7_9_.)_~ ( b )_(17 )_ Documentation of insurance 
- - ---- -~ -~ --~ -~- - -- --------

A-1 

e 
Location in 
RCRA Permit 
Applic;ration 

Engineering 
Chapter 2 

Operations Ma. 
Aooendix 11 P" 
Operations Ma. 
Chapter 9 

Operations Ma~ 
Chapter 7-K 
Appendix 11 G" 

Operations Ma 
Chapter 10 1 1 

Operations Ma 
Chaoter 10. 1 
All of Part 11 

Geotechnical ~ 
Page 1 

Engineering D~ 
Manual Chaote 
Operations Ma 
Chanter 13 
Financial Reqt 

l.,lal 

ual 

ual 

ual 
I 12 

ual 
I 12 
II 

eport 

sign 
6 

ual 

irements 

, 



APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 
Location in 
RCRA Permit 
Application 

1. General Information (continued) 

Rea. Cite Description 

-Information in Part B Application (continued) 
Part "B" 
Drawing 1 ofl 13 
Exposure Repprt 
Figure 1 270.14 (b) (19) 

270.21(a) and 
270.17(a) 

Topographic map (site plotted on USGS 
quadrangle maps) 

List of wastes placed or to be placed in each 
unit 

Part "B" App,ication 
Part "B" Ope ations 
Manual Appen ix "P" 

Additional Information 

e 

Exposure Rep 
Existing risk assessment reports and Appendix A, 
information, including liability insurance 
analyses, claims, and settlements 

Warren Count 
Land use and zoning map(s) for an area of 4 Master Plan 
miles around the unit and Fiaure 1 

Aerial Photo 
Existina aerial photographs of the facility Map 

Exposure Rep~ 
Identify and summarize any waste analysis Chapter 1.3, 
data not already submitted: provide Appendix "G" 
additional data as discussed in text 

Exposure Repc 
Current estimate of annual amount of waste Chapter 2.1 
received and description of any pretreatment 
process used 

Exposure Rep 
Identification of any Federal, State, or Chapter 2.1 
local inspection or compliance records 
related to environmental and health programs:j 

_ _ ____________ !_rlcj.ud_g descriptions ~J a_I}Y__!!!ajor violation~ __ ___ _ __ _ 

A-2 

rt 
' D 

ap 

rt 
1.5 

rt 

rt 

e e. 
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APPENUIX A. INFORMATION R&)U IRI!:MEN'rS CHECKLIST 

Location in 
2. Ground Water Pathway RCRA Permit 

Application 
Reg. Cite Description 

Operations Ma ual 
Information in Part B Application Page 4-1 Sect on C 

Hydrogeology ~eport 
270.14(c)(l) Interim status ground-water monitoripg pages 19-20 & Appendix 

results "D" 
270.14(c)(2) Identification of uppermost aquifer, Hydrogeology Report 

including flow rate and direction nacre5 32. ~4, 37, 38 
' Hydrogeology ~eport 

270.14(c)(3) Topographic maps related to ground-water plates 5, 27, 28' 29 
and protection (well location, water table 
270 .14( b)( 19) elevation contours, etc.) 

Operations Ma ~ual 
270.14(c)(4) Description of existing contamination App~ndix "O" 
(i) and (ii) -- Operations Ma nual 
270.14(c)(S) Detailed plans for ground-water monitoring Page 7-5 sect p.on J 

___ program and oaae 10-1 P section ---·- Same as "N" 
270.14(c)(6) Description of detection monitoring 270.14(c) (5) 

-- Erogram .J..!! applicable) 
Same as 

270.14(c)(7) Description of compliance monitoring 270.14(c) (5) 
and (c)(7)(ii) program and characterization of 

contaminated ground water (if applicable) 
Operations Me nual 

270.14(c)(7)(iv) ACL demonstration (if any) ...I@ge 7-5 No C ontaminat: 
Operation Mar ual 

270.14(c) (8). Corrective actionprogram (if applicable) page_J0-12, 0-13 and -------- page 10-10 Se ction "N" 
270.17(b)(l) Description of liner and leachate collection 
270.2l(b)(l) ---------------systems (if applicable) Desiqn Manua page 4-2 



APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

2. Ground-Water Pathway (Continued) 

D 

Additional Information 

Exposure Rep< 
Existing map showing location of all "known Figure 1 
wells within three miles ; number and 

.rt 

location of drinking water wells 

Discussion of ground-water uses within 
Exposure Rep< 
Chapter 2.3 

three miles of unit 

rt 

No Map Avail< 
Regional map showing areas of ground-water 

ble 

recharge and discharge 

Net precipitation using net seasonal rain-
Exposure Repc 
Chapter 2.3 

fall or other available data 

rt 

Unless otherwise reported to EPA, available 
Exposure Rep1 
Chapter 3.1 

well data indicating a release, and 

rt 

information on any affected public or private 
water supplies, including _populations served 

)< rt. 
Any known food chain contamination due to 
p_ri~r_rel_eas~_f!"o_m th_e_ \j_n_i~ to gro~nd water I 

p 

A-4 

e e e 
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APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

3. Surface Water Pathway 

Rea. C · D 

Information in Part B Application 

270.14(b)(ll) Location information related to 100 ~r flood 
(iii) thru (v) plain including variance demonstrations 

270.2l(b)(2) System for control of run-on from each 
peak discharge of 25 yr storm 

270.2l(b)(3) System for control of run-off from 24 hr, 
25 yr storm 

270.17(b)(2) Procedures/equipment to prevent overtoooino 

270.17(b)(3) Structural integrity of dikes 

Additional Informat1on 

Discussion of surface-water uses within 
three miles of the unit, including a map 
showing the location of all surface-water 
bodies and downstream drinkina water intakes 

Velocities of streams and rivers passing 
throuah and adiacent to the orooert 

A-5 

e. 

Location in 
RCRA' Permit 
Application 

Design Manual 
Drawing 2 of J 

Design Manual 
page 4-3 

Design Manual 

Operations Mar 
op.ae 7.- 8_ Secti 
lpage 10-10 Sec 
Qpe r a.:tion s_____Mc I1 
g~ge 10-10 Seg 

page 2-1 
3 

page 3-1 

page 4-3 

ual 
on N and 
tion M-(4) 
ual 
tion M-(4) 

Exposure Repo -lt 
Chapter 2.4 
Figure 1 

Exposure Repo -t 
Chapter 2.4 



APPENDIX A. INFORMATION REQlJ IREMENTS CHECKL 1ST 

3. Surface Water Pathway (Continued) 

Reg. Cite ~e~cri~tion 

Additional Information (continued) 

Description of any system used to monitor 
Exposure :t{epo 
Chapter 2.4 

surface-water quality, and a summary of the 

t 

data -
Description of known releases to surface 

Exposure Repo 
Chapter 3.2 

water; the extent of contamination; remedial 

t 

action, if any; and if known, severity of 
imEact. 

known foorl-chain contamination resulting 
Exposure Repo 

Any Chapter 3.2 
from prior release from the unit to surface 

t 

water ---

A-6 

e e e 



, 
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APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

4. Air Pathway 

e 
Location in 

RCRA 
Rermit 

Reg. Cite Descri~tion _Application 

Information in Part B AEElication 
loperations Mall 
Chapter 3 pag~ 

Documentation of procedures to prevent 
Chapter 3 pagt> 

270.14(b)(9), Chapter 3 pag~ 
270.2l(f) and accidental ignition or reaction Chapter 7-F 
(g), 270.2l(h) 
and (i) 

Plans to control wind dispersal of 
Operations Ma1 

270.2l(b)(S) Chapter 7-F 
particulate matter at landfills 

A wind rose showing prevailing windspeed 
Engineering D~ 

270.14(b)(l9)(v) Appendix "B" 
and direction 

Additional Information 

Exposure Repo 
Summary of air monitoring data and a 

if 
Chapter 2.5 

description of current monitoring system, 
any 

Population within a four mile radius of the 
Exposure Repo 
Chapter 2.5 

unit 

Describe any known releases to air: the 
Exposure Repo 

if 
Chapter 2.5 

extent of contamination: remedial action, 
___________ any_; ___ and severity _of impact, if known 

---

A-7 

ual 
1 
3 
4 

ual 

sign 

t 

t 

t 



APPENDIX A. INFORMATION REQUIREM~NTS CHECKLIST 

S. Subsurface Gas Pathway 

-- -~-- - ------~-----

Information in Part B Application 

None in addition to General Information 

------------------ Requirements 

Additional Information 

Any past disposal of municipal-type wastes 
in the unitr approximate quantities and dates 
of disposal, if known 

Map location of any underground conduits 
within the site and known underground 
conduits within 1000 feet of property 
boundary ---
Descriptions of any monitoring or control 
mechanisms for subsurface gas release: 

------------- ____ sumnunarize resulting data 

Description of any known releases: extent of 
contamination: remedial action taken, if any: 
and the severity of impact, if known 

--------- ---------

e A-8 e 
... ..,., 

Location in 
RCRA 

Application 

----------

Exposure Repoi 
Chapter 2.8 

Exposure Repoi 
Figure 1 

None 

None 

t 

t 

e . 
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" APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

6. Contaminated Soil Pathway 

Information in Part B AEElication 

None in addition to General Information 
.Requirements 

Additional Information 

If soil sampling has been done, a map showing 
areas of soil contamination, and a summary of 
analytical results 

Description of the types of major releases 
that resulted in soil contamination, and any 
clean-up action 

Any known food-chain contamination resulting 
from the use of contaminated soils for 
raising crops 

A-9 

e 
Location in 

RCRA 
Permit 

App 1 ica t ion 

---------

No Soil Conte:~ 
Exposure Repc J 

Chapter 2.6 

None 

None 

ination 
t 



, 
APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

7. Transportation Information 

-- '"'-

Information in Part B Aeelication 

Traffic pattern, volume, and controls; access 
270 • 14 (b) ( 1 0 ) road characteristics. 

Additional Information 

Description of the types and capacities ot 
vehicles used to transport waste 

Identification of normal transport routes 
for hazardous waste into the site and within 
one mile of the facility entries 

Description of procedures for clean-up of 
transportation-related spills or leaks 

Descriptions of any transportation accidents 
releasing hazardous wastes on-site, or in the 

Location in 
RC~A Permit 
-·rr-

1 . 

Engineering De 
Chapter 2 page 

I 

Exposure Repo 
Chapter 2.7 

Exposure Repo 
Chapter 2.7 

Exposure Repo 
Appendix "E" 

Exposure Repo 
Chapter 2.9 

------ _____ -~ -~i_rnrnediate vi~i__!!_!_t_y __ ~- - ---- ~ ~ -- --- -~----~- -

A-10 

e e • 

sign 
2 

t 

t 

t 

t 
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APPENDIX A. INFORMATION Rl:.'QUIHEMt:;NTS CHECKLI~T 

8. Management Practices Information 

Reg. Cite Description 

Information in Part B Application 

270.14(b)(l2) 
264.16 

Outline of programs to train employees.to 
safely operate and maintain facility, 

--------------------- including emergency response activities 

Additional Information 

-- -- --- ------ - --- --
Summary of existing records on worker illness 
or injury, related to the operation of the 
unit: include summaries of Workman~s 
Compensation claims,~ hospital records ____ _ 

A-ll 

-· 
Location in 

RCRA 
Permit 

Application 

\Operations Mapua1 
Chapters 1, 2t 10 
Appendix A,E, · 

Exposure Repolrt 
Chapter 2.2 












